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In Part XIII“ it has been briefly described that picric acid was 
obtained by heating tyrosine with nitric acid under the suitable condition. 
In the present paper, the behaviour of nitric acid on phenylalanine, 
tyrosine, and p-hydroxybenzoic acid is going to be discussed in detail. 

Morner (1915) has obtained p-nitrobenzoic acid, picric acid, and 
oxalic acid as well as the several other substances by oxidising protein 
with nitric acid, and he pointed out that the parent substance of nitro- 
benzoic acid was phenylalanine and those of picric acid were tyrosine and 
phenylalanine which arose from the protein during the treatment with 
nitric acid. Mérner®) has also found that p-nitrobenzoic acid was not 
obtained by heating phenylalanine merely with 60% nitric acid, but that 
it could be obtained when phenylalanine was mixed with an equal weight 
of starch and the mixture was kept on standing for 24 hours in 10 times 
their weight of 60% nitric acid and then heated on a water-bath for 20 
hours. In the same way, though without starch, picric acid was obtained 
also from tyrosine in a small yield of 8.4%. 

In the present experiments, phenylalanine was refluxed with 10 times 
its weight of 8N-NO;H at 100° for a long time, and neither p-nitrobenzoic 
acid nor oxalic acid was obtained, but only p-nitrophenylalanine was 
isolated. It seemed, therefore, probable that in this case only nitration 
took place. On the contrary, when phenylalanine was refluxed with 
nitric acid containing a little of vanadium compound as a catalyser, both 
nitration and oxidation occurred and p-nitrobenzoic acid was obtained in 
good yield and a little of benzaldehyde as well as benzoic acid was also 
isolated. In this case, oxalic acid was not isolated, as the acid was com- 
pletely destroyed by nitric acid in the presence of vanadium compound. 
In the case of tyrosine, it was refluxed with 8N-NO;H containing a little 
of vanadium compound, for 3 hours, and from this solution picric acid 
(31.4% ) and 3,5-dinitro-4-hydroxybenzoic acid (13.2%) were obtained. 
In this experiment, when the time of refluxing was shortened to 1 hour, 
the dinitrohydroxybenzoic acid was obtained as a main product, but to 
which concentrated nitric acid was still more added and refluxed further 
for 2 hours, and only the picric acid was obtained in good yield (about 
45%). In the absence of the catalyser, on heating with 8N-NO;H tyrosine 
gave picric and oxalic acids in small yields of 3.5% and of 4.1% respec- 


Translated by the authors from J. Chem. Soc. Japan, 62 (1941), 34. 
) Part XIII, this Bulletin, 17 (1942), 53. 

) C. Th. Mérner. Z. physiol. Chem., 95 (1915), 265, 287. 

) The percentages in this paper were expressed in molar per cent. 
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tively. From dinitrohydroxybenzoic acid by merely heating with 
8N-NO:H picric acid was easily obtained in a yield of 95%. Picric acid 
was also obtained in good yield, by heating dinirotyrosine with nitric acid 
in the presence of the catalyser, or by merely heating p-hydroxybenzoic 
acid with nitric acid without the catalyser. 

From the facts described above, the behaviour of nitric acid on 
phenylalanine, tyrosine, and p-hydroxybenzoic acid may be represented 
as follows: 


Phenylalanine 


p >-Cl:-CH-COOH ' O:N < >-CH;-CH-COOH 





Tyrosine 


NO, NO. 
HO-< ‘\-CH,-CH-COOH + HO-Z -CH,-CH-COOH — HO-4 \\_CH,-CH-COOH 
7 | \ r 

NH, NH, NO, NH, 
(vil) (VIII) (IX) 


NO, 
= ! | iy 
HO-< -COOH ——> HO-< >-NO, HO-< -coo# 
(XIII) NO, (XII) NO, (XI) 


Phenylalanine (I) was converted by nitration into p-nitrophenyl- 
alanine (II) and the latter gave rise to p-nitrobenzaldehyde (III), oxalic 
acid and ammonia by oxidation. This aldehyde was readily oxidised to 
p-nitrobenzoic acid (IV). This course of the reaction may be a main 
one, infered from the yields of the final products. As a side reaction, 
phenylalanine was oxidised without nitration to benzaldehyde (V) and 
the aldehyde was oxidised readily to benzoic acid (VI) in small yield. 
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Tyrosine (VII) was converted by nitration into mononitrotyrosine 
(VIII) and then dinitrotyrosine (IX). The latter was oxidised with 
nitric acid in the presence of the catalyser to 3,5-dinitro-4-hydroxybenzal- 
dehyde (X), oxalic acid, and ammonia. This aldehyde was readily 
oxidised to 3,5-dinitro-4-hydroxybenzoic acid (XI) and then picric acid 
(XII) in good yield. Picric acid was also obtained in good yield by merely 
heating p-hydroxybenzoic acid (XIII) with nitric acid. It appeared 
that the benzene nucleus of tyrosine, in this case, was somewhat attacked 
by nitric acid. 

These methods” for preparing p-nitrobenzoic and picric acids from 
phenylalanine and tyrosine respectively, may be applied for industrial 
purposes, as the crude phenylalanine and tyrosine are separated on the 
large scale from the by-products of the manufacture of sodium glutamate. 


Experimental. Action of nitric acid on phenylalanine. Natural 
phenylalanine (3.325 g., 20.1 m. mols) was dissolved in 8N-NO;H (30 c.c.) 
and refluxed at 100° for 814 hours. From this solution needle crystals 
(1.4 g.) separated out on adding with sodium hydroxide solution until 
it gave weak acidic reaction. The crystals melted at 205°, and was 
submitted to analysis without further purification (Found: N, 11.33%). 
On concentrating the filtrate the second crops of the crystal (0.85 ¢.) 
were also obtained (Found: N, 11.36%). The combined crystals (10.7 m. 
mols, 53%) were recrystallised from water and analysed (Found: N, 
11.67%. Cale. for NO.C,;H,'CH.:*CH (NH.) ‘COOH ‘3/2 H.O: N, 11.81 ). 
The crystals thus obtained was identified as p-nitrophenylalanine. 

The phenylalanine, therefore, was not oxidised and merely nitrated 
by the refluxing with nitric acid as described above. As oxalic acid was 
not found in the filtrate of p-nitrophenylalanine, the filtrate was extracted 
with ether. On distilling off the ether, a little of crystals (0.1 g.) was 
obtained and recrystallised from water in colourless needles, m.p. 122- 
123°. It was identified as phenyllactic acid by mixed melting point test. 
This acid arose from the phenylalanine by the action of nitrous acid formed 
by oxidation. In the same manner as 8N-NO;H, phenylalanine was 
refluxed in 4N-NO;H, and p-nitrophenylalanine (2.89 g.) was obtained 
(Found: N, 11.56%). It gave somewhat better yield (67.5%) than the 
case of 8N-NO;H. 

Oxidation of phenylalanine with nitric acid. Natural phenylalanine 
(10 m. mols) was dissolved in 8N-NO;H (15 ¢c.c.) containing vanadic acid 
(0.05 g.) and refluxed for 3 hours. 

p-Nitrobenzoic acid. From the above-mentioned oxidised 
solution, yellow crystals (0.95 g.) separated out on cooling, and melted 
at 185-200°. The crystals were refluxed with benzene and separated 
into two parts, insoluble and soluble in benzene. The part insoluble 
(0.65 g., 39% ) in benzene melted at 236°, after recrystallised from water, 
and it was identified as p-nitrobenzcic acid (Found: N, 8.45, 8.25%. 
Cale. for NO.C,H,COOH: N, 8.38%). 

Benzoic acid. From the part soluble in benzene, crystals were 
obtained, on distilling off the benzene. It was sublimed under reduced 
(4) Japanese patent 129210; 129211 (picric acid). 

134026 (p-nitrobenzoic acid). 
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pressure, vield 0.02 g., m.p. 122-122.5°. It was identified as benzoic acid 
by mixed melting point test. 

Benzaldehyde. The mother liquor of p-nitrobenzoic acid was 
neutralised with sodium hydroxide solution and extracted with ether. 
From the ethereal solution, an oily substance which had an odour of 
benzaldehyde was obtained. It was converted into p-nitrophenylhydrazone 
as usual and recrystallised from dilute alcohol in reddish brown thin 
plates, m.p. 183-185°. It was identified as benzaldehyde by its p-nitro- 
phenylhydrazone. 

Ammenia. The volatile base was estimated as usual, 0.55 m. 
mol. 

The effect of the concentration of nitric acid and the temperature 
of heating on the yields of p-nitrobenzoic acid from phenylalanine were 
also studied. Some data are shown in the following table. 


Table 1. 


Phenylalanine Concentration Time of Yields of 
of NO.H heating p-nitrobenzoiec acid 


10m, mols N 3 hours(100°) 0.42 ¢.(25.2%) 


10 m. mols N 3 hours (100°) 0.34 2.(20.4%) 


Oxidation of tyrosine with nitric acid. Picrie acid and 
dinitrohydroxybenzoic acid. Natural tyrosine (1.81 ¢g., 
10.03 m. mols) was dissolved in 8N-NO;H (15¢c.c.) containing vanadic 
acid (0.1 g.) and refluxed at 110° for 3 hours. After cooling the solution, 
yellow crystals (0.98 g.) were obtained, and on neutralising the mother 
liquor with potassium hydroxide, yellow crystals (0.11 g.) of potassium 
salt were obtained. The former crystals (0.98 g.) were dissolved in 
potassium hydroxide solution, and the potassium salt (0.73 g.) separated 
out on cooling. This salt was decomposed with dilute sulphuric acid and 
extracted with ether. From the ethereal extract, crystals were obtained 
and melted at 121—-122°. The combined yield was 31.47. It was identified 
as picric acid by mixed melting point test and by the determination of 
nitrogen. (Found: N, 18.22, 18.32%. Cale. for (NO.);*C;H2(OH): N, 
18.33%). From the mother liquor of potassium salt (0.73 ¢.), the yellow 
crystals (0.3 ¢., 13.2°°) separated out in thin plates, on addition of an 
excess of nitric acid. It melted at 240-242°. It was identified as 3,5- 
dinitro-4-hydroxybenzoic acid (Found: N, 12.46, 12.49%. Cale. for 
(NO.).CsH2(OH) ‘COOH: N, 12.28%). Oxalic acid was not found in 
the oxidised solution. 

Ammonia. The volatile base (NH;) was distilled as usual, 2.0 mg. 
(1.2%). 

Tyrosine (10m. mols) was refluxed in 8N-NO,;H(15c.c.) containing 
vanadic acid (0.1 g.) at 110° for 1 hour, then to the solution 13.7N-NO,H 
(5 c.c.) was added and refluxed further for 2 hours. From the solution 
thus obtained, only picric acid was obtained in a yield of 45% without 
obtaining dinitrohydroxybenzoic acid. Under these conditions, but in 
the absence of the catalyser, the yields of picric acid, oxalic acid, and 
ammonia were 3.5%, 4.13%, and 0.3% respectively. 
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in order to obtain dinitrohydroxybenzoic acid the following procedure 
may be offered. Tyrosine (10 m. mols) was dissolved in 8N-NO;H (15 c.c.) 
which contained vanadic acid (0.1 ¢2.), and refluxed at 100-110° for 1 
hour, and the separation of the oxidation products were made as described 
above. In this case the yield of dinitrohydroxybenzoic acid was 38%. 
When 4N-NO-;H, instead of 8N-NO,H, was used and refluxed for 3 hours, 
the yields of dinitrohydroxybenzoic acid and picric acid were 39.9% and 
17.6% respectively. Picric acid was also obtained in good yield (95° ) 
when the dinitrohydroxybenzoic acid was refluxed in 10 times its weight 
of 8N-NO,H. 

Action of nitric acid on 3,5-dinitrotyrosine. Dinitrotyrosine (1.10 g., 
3.8m. mols) was dissolved in 8N-NO;H (7 c.c.) containing vanadic acid 
(0.05 g.) and heated at 110° for 3 hours, and picric acid (0.44 g., 1.92 m. 
mols) was obtained. From the mother liquor potassium picrate (0.04 g., 
0.15m. mol) was also obtained. The combined yield of picric acid 
ammounted to 54.5% of dinitrotyrosine used. In the above experiment, 
when the catalyser was omitted, picric acid was obtained only 9.75%, and 
oxalic acid (35.6%) as well as ammonia (1.1%) was also separated. 

Action of nitric acid on p-hydroxybenzoie acid. p-Hydroxybenzoic 
acid (10m. mols) was dissolved in 4N- or 8N-NO;H (30 c.c.) and refluxed 
at 100° for 1-3 hours. From the oxidised solution picric acid (70°) 
was separated as described above, and oxalic acid (11-15%) was also 
separated as calcium salt by adding Ca(NO;). to the mother liquor. 


Chemical Laboratory, S. Suzuki & Co., Ltd., 
Kawasaki, (near Tokyo). 


On 7-Hydroxy-dihydro-codeine, 7-Hydroxy-dihydro-thebainol 


and the corresponding (+-)-Derivatives from Sinomenine.” 


By Kakuji GOTO and Tatsuo ARAI, 


(Received November 11, 1941.) 


In the 47th communication on sinomenine’’, we have reported the 
formation of (+)-dihydro-codeine, (+)-dihydro-morphine and (+)- 
desoxycodeine-C from sinemenine. By mild oxidation of (+) -desoxy- 
codeine-C (I) with potassium permanganate), we obtained (+)-7- 
hydroxy-dihydro-codeine (II), which in turn could be racemised with 
(—)-7-hydroxy-dihydro-codeine, prepared from (—)-desoxy-codeine-C in 
the same way. The introduced two alcoholic groups have been demon- 
strated as dibenzoyl derivatives. 


® 
(2 
(3 


) The 50th Communication on Sinomenine. 
) Ann., 547 (1941), 194. 
) Compare Cahn and Robinson, J. Chem. Soc., 1926, 908. 
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CH,0 


/\N-CH, 


H OH 
(1) (iI) 


3y reducing (+)-1-bromo-sinomeninone (III) with hydrogen gas in 
pyridine solution, using platin oxide as catalyst, the both ketonic groups 
were reduced and (+-)-1-bromo-tetrahydro-sinomeninone (IV) was pro- 
duced. By catalytic debromination of this substance in aqueous solution, 
we obtained terahydro-sinomeninone (V), namely (+)-7-hydroxydihydro- 
thebainol in a good yield. The corresponding (—)-7-hydroxydihydro 
thebainol could be prepared from (--)-1-bromo-sinomeninone in the 
same process and the both were racemised. The three hydroxygroups in 
these substances have been made clear by the formation of triacetyl- 
derivatives, in which, however, the sign of rotation has been inverted 
remarkably enough. 


CH.O- Br CH,O- “ “Br 
HO HO 


O- 
O H OH 


(III) (IV) 
4¥) (Br = H, in IV) 


The racemisation trials of the above three substances (II, IV and V) 
were also successfully carried out with their respective methiodides. 


Experimental. (+ )-7-Hydroxy-dihydro-codeine (II). (+)-Desoxy- 
codeine-C (I; 1.5 g.) was dissolved in a small quantity of 10% hydro- 
chloric acid and made up to 150 c.c. with distilled water. The solution 
was made slightly alkaline with 10% potassium hydroxyde and kept at 
0°C by cooling and adding ice to it. The solution was stirred mechanically 
and 1% potassium permanganate solution (61 c.c.; 10% more than the 
calculated quantity) was added in half an hour. After the solution was 
saturated with carbon dioxide, it was stirred 15 minutes more and then 
filtered. The filtrate was evaporated down to 40c.c. and extracted with 
ether, which removes unchanged desoxy-codeine-C. The aqueous layer 
was then saturated with potassium carbonate and extracted with chloro- 


(4) Schipf, Pfeifer, Hirsch: Ann., 492 (1932), 213; 
Goto, Shishido, Takubo: Avnn., 497 (1932), 293. 
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form. When evaporated, the chloroform yielded 0.5 g. of white, crystalline 
powder. This was washed with alcohol and recrystallised from chloro- 
form+ethanol (1:1). Colourless flat prisms, m.p. 225°. Insoluble in 
alcohol or in ordinary organic solvents. (Cale. for C;,H»;0,;N*14H.O 
(326) : C=66.26; H=7.36; N=4.29%. Found: C=66.44, 66.24, 66.41; 
H=7.32, 7.43, 7.31; N=4.34% ). Spec. rotatory power. Subst.=0.1097 g.; 
Chloroform+ ethanol (1:1) =10 c.c.; 1 dm-tube, a=+1.42°. [a]}°=+129.4°. 

Methiodide. Prepared by heating the both components+methanol in 
a stoppered bottle at 100°C for 30 minutes. The elongated leaflets from 
methanol. m.p. 252°. Yield 80%. Spec. rotatory power: Subst.= 
0.1012 g.; water=10c¢.c.; 1dm-tube. a=+0.91°. [a]§° =+89.9 

(—)-7-Hydroexy-dihydro-codeine. The preparation is same as above, 
except only from (—)-desoxy-codeine-C. m.p. 225°. (Found: C=66.77, 
66.57; H=7.49, 7.53%). Spec. rotatory power: Subst.—0.1107 g.; ethanol 
+chloroform (1:1)=10c.c.; 1dm-tube. a=—1.42°. [a] §=-—128.3°. 

Methiodide. The preparation is same as with (+)-substance. m.p. 
252°. Spec. rotatory power: Subst.=0.1009 g.; water=10c.c.; 1 dm-tube. 
a=—0.90°. [o]}*=-—89.2°. 

(dl) -7-Hydroxy-dihydro-codeine. The above two solutions, used for 
the determination of spec. rotatory power, were combined and evaporated. 
The (d,l)-substance crystallised out at once. Prisms. m.p. 207°. [a]p 
=+0°. 

d,l-Methiodide. The above two solutions, used for determination of 
spec. rotatory power were combined and evaporated. The residue was 
recrystallised from methanol. m.p. 238°. Plates. [a],=+0°. 

(—)-Dibenzoul-T-hydroxy-dihydro-codeine. 7 - Hydroxy - dihydro - 
codeine (0.1 g.) was dissolved in le.c. pyridine and benzoylated by 
benzoyl-chloride (0.18 g.) at 0°C. By being kept on standing overnight, 
the dibenzoylated substance crystallised out from aqueous ammonium 
carbonate solution. Recrystallised from benzene, it forms colourless 
needles, melting at 128°. Yield 20%. (Cale. for C3.H;,0,;N*¥.H.O (534) : 
C=71.91; H=5.99, N=2.62%. Found: C=72.22; H=6.44; N=3.07%. 
Spec. rotatory power. Subst.=0.0485 g.; methanol=2.5c.c.; 1 dm-tube. 
a=—3.18°. [a]#*°=-—163.9°. 

Determination of benzoyl radicals. 0.0693 g. substance was hydro- 
lysed by warm methanolic solution of potassium methylate, made acidic 
with phosphoric acid and steam-distilled. The distillate required 1.27 c.c. 
of 0.211 N NaOH, which corresponded to 0.0281 g. benzoyl, namely 40.5%. 
C..H.,NO, (525) requires 40.0% benzoyl radical, calculated for two. 

The simple titration gives nearly the same results, if we deduce the 
allowance for free dihydroxy-dihydro-codeine, using phenolphtaleine as 
indicator. 

(+)-1-Bromo-tetrahydro-sinomeninone (IV). (+)-1-Bromo-sinomeni- 
none (III 6.5g.) in pyridine solution, added with platin oxide (0.3 g.), 
was reduced catalitically at 40°C., 2200 c¢.c. hydrogen were absorbed in 
12 hours (cale. for 2H=740c.c. at 10°). Pyridine was then removed in 
the diminished pressure and the residue was recrystallised from acetone. 
Yield ca. 5.5g. This was dissolved in methanol (30c.c.), added with 
chloroform (100c.c.) and shaken with water. The trioxy-derivative 
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crystallised into almost colourless prisms in chloroform layer. This was 
collected and washed with acetone (1.7g.). The chloroform gives 1.8 g. 
substance after the evaporation. The combined yield was almost 50%. 
Flat prisms. m.p. 136°. (Cale. for C,,H.,;BrNO,(398): Br=20.10: 
N=3.52. Found: Br=20.79; N=3.27% ). Spec. rotatory power. Subst.= 
0.1212 g., ethanol=10c.c.; 1dm-tube. a=+0.33°. [a]§j=+27.5 

Meihiodide. Prepared in the usual way. Prisms. m.p. 277°. (from 
ethanol). Spec. rotatory power. Subst.—0.0718¢.; 50% Ethanol= 
2.5 ¢.c.; 1dm-tube. a=+0.22°. [a]#=+7.7°. 

(—)-1- Bromo - tetrahydro - sinomeninone (= 1 - Bromo-7-hydroxy-di- 
hydro-thebainol). The preparation is same as above. The pyridine 
solution gave the crystalls of the product, when left overnight. Yield 
4.2 g. Recrystallised from acetone, it forms flat prisms, melting at 137°. 
Spec. rotatory power. Subst.=0.1206g.; ethanol=10¢c.c.; 1dm-tube. 
a=—0.32°. [a]}§=-—26.5°. 

Methiodide. m.p. 277°. Spee. rotatory power. Subst.—0.0718 g.; 
50% ethanol=2.5 c¢.c.; 1dm-tube. a=-—0.21°. [a]#=—7.3°. 

(d,l1)-1-Bromo-tetrahydro-sinomeninone. (+) and (—) substances 
(0.1206 g. each) were mixed in ethanol solution and evaporated. d,l-Sub- 
stance crystallised out from acetone into needles. It melts at 117°, solidi- 
fies on further heating and decomposes at 195°. [a],=+0°. 

(d,l)-1-Bromo-tetrahydro-sinomeninone methiodide. The preparation 
is as ahove. Recrystallised from ethanol. Prisms m.p. 286°. [a],»==+0°. 

(+)-Tetrahydro-sinomeninone (Br.=H, in IV). (+)-1-Bromo-tetra- 
hydro-sinomeninone (2.5 g.) was dissolved in 80 ¢.c. 1% hydrochloric acid, 
added with 0.2 ¢. palladium chloride and 2g. charcoal, and shaken in 
hydrogen atmosphere at 40°C. 175c.c. of hydrogen were absorbed in 
15 minutes (cale. for 1 mol., 140c.c. at 10°). The filtrate was made 
alkaline with sodium carbonate and the base was taken up in chloroform. 
The chloroform residue was recrystallised from acetone. Needles. m.p. 
157°. However, the acetone residue (0.8g¢.) on being acetylated gives 
the same triacetyl-derivative as the crystal itself. (Calc. for C,;,H.,NO, 
(319) : C=67.71, H=7.84, N=4.39% . Found: C=67.45, 67.80; H=7.77, 
7.76°°, N=4.24%). Spec. rotatory power. Subst.=0.1500; ethanol= 
10 c¢c.c.; 1dm-tube. a=+0.36°. [a]$} =+24.0°. 

Methiodide. Prisms. m.p. 290° (from ethanol). Spec. rotatory 
power. Subst.=0.0599 g.; 50° ethanol=2.5c¢.c.; 1dm-tube. a=+0.14°. 
[a]p° +5.8°. 

(—)-Tetrahydro-sinomeninone (=7- Hydroxy - dihydro - thebainol). 
Prepared in the same way as (+)-derivative. Yield 0.3g. from 1.0 g. 
m.p. 157°. Spec. rotatory power. Subst.=0.1472 g.; ethanol=10 c.c.; 
1dm-tube. a=—0.35°. [a]% =—23.8°. 

Methiodide. m.p. 292°. Spec. rotatory power. Subst.=0.0599 g.; 
50% ethanol=2.5 c.c.; 1dm-tube. a=—0.13°. [a] §° =—5.4°. 

(d,l)-Tetrahydro-sinomeninone (=d,]-7-hydroxy-dihydro - thebainol). 
The both optical antipodes (ca. 0.15 g. each) were mixed in ethanol] and 
evaporated. The residue was recrystallised from acetone. Hexagonal 
prisms. m.p. 160°. [a])»=+0°. 
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(d,l)-Tetrahydro-sinomeninone methiodide. Prisms. m.p. 260°. [a]p 
ay”. 


(+)-Triacetyl-tetrahydro-sinomeninone. (+ )-Tetrahydro-sinomeni- 
1one (1 ¢g.) was boiled with acetic anhydride (10 c.c.) and sodium acetate 
(lg.) for 3 hours. After the acetic anhydride was removed in the 
diminished pressure, the residue was dissolved in a small quantity of 
methanol and poured in 2% acetic acid (100 c.c.). The filtrate was made 
alkaline with soda and extracted quickly with ether. When ether was 
evaporated, the triacetyl substance crystallised out in beautiful prisms. 
It was washed with little cold methanol. m.p. 197°. Yield 60°%. (Cale. 
for C.,H;,;NO;(445) : C=64.72; H=6.97; N=3.15%. Found: C=64.54; 
H=6.83; N=3.26%.) Spec. rotatory power. Subst.=0.1493 g.; ethanol= 
10 c.c.; 1dm-tube. a=—0.31°. [a] =—20.8°. 

Methiodide. Prepared in the usual way. Angular plates. m.p. 290°. 
Spec. rotatory power. Subst.=0.0772 g.; 60°. ethanol=10 c.c.; 1 dm-tube. 
a=—0.22°. [a]#=-—29.5°. 

Determination of acetyl-radicals in the methiodide. 0.1319 g. methio- 
dide was dissolved in the mixture of 5c.c. of 0.31 N alcoholic caustic 
potash (=7.75c.c. 0.2 N) and 5c.c. of 0.2 N aqueous caustic potash, 
warmed for an hour on steam-bath and left 20 hours at room temperature. 
The hydrolysed solution was neutralised with 9.5c.c. of 0.2 N sulphuric 
acid. Acetyl radicals corresponded to 3.25 c.c. of 0.2 N sulphuric acid, 
namely 21.1%. Calc. for three acetyls 22.00%. 


(—)-Triacetyl-tetrahydro-sinomeninone (Triacetyl - 7 - hydroxy-dihy- 
drothebainol). Preparation is same as above. m.p. 196°. Spec. rotatory 
power. Subst.=0.1478 g.; ethanol=10c.c.; 1dm-tube. a=+0.30°. [a] }# 

+20.3°. 


Methiodide. m.p. 292° from methanol. Spec. rotatory power. Subst. 
0.0761 g.; 60% ethanol=10c.c.; 1 dm-tube. a=+0.22°. [a]#=+28.9°. 
(d,l) -Triacetyl-tetrahydro-sinomeninone. The both optical antipodes 
were mixed in equal quantity in alcoholic solution and evaporated. It 
crystallises into prisms. m.p. 196°. [a])=+0°. 
Methiodide. Flat prisms from ethanol. m.p. 292°. [a])»=+0°. 


Kitazato Institute, Tokyo. 
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Hydrocarbons from Carbide (A) II.* Non-Catalytic Polymeriza- 
tion under Ordinary Pressure. Hydrogen Systems and General 
Experimental Details. 


By Ryoji NEGISHI and Osamu KAMIIKE, 


(Received November 14, 1941.) 


The acetylene molecule owes its unique reactivity to the unsaturated 
triple bond and high negative heat of formation. The unsaturated pro- 
perty enables it to polymerize readily into simple or complex molecules. 
When the nascent acetylene molecule is formed from calcium carbide by 
the action of water, it probably possesses more energy and reactivity than 
ordinary acetylene and it is even more capable of further polymerization. 
This extra reactivity would manifest itself in the lowering of the polymeri- 
zation temperature, independent of its main reaction from the influence 
of environments, and it has actually increased the yield of products as 
compared with the results of ordinary acetylene reactions. 

With the purpose of obtaining a maximum yield of liquid hydro- 
carbons, utilizing this excess reactivity of nascent acetylene, we have 
attemped the present series of investigations. In order to make the 
effect as evident as possible, we have tried non-catalytic experiments 
under the ordinary pressure. In our present discussion we shall neglect 
any catalytic effect") of such products of the reaction as calcium oxide, 
carbonate, and carbon. In fact, we have found their effects—if any— 
rather small. This point will be taken up again later. 

In this paper, first, general methods of experimental procedure and 
analyses of the products are given sufficiently minutely in order to offer 
some information with regard to the probable sources of difficulty and 
errors and to the degree of accuracy of the results to be expected not only 
in this report but also in the whole series of investigations. Second, these 
experiments with hydrogen (and nitrogen) have been carried out some- 
what in detail to determine the optimun conditions for liquid synthesis 
which will serve as a basis for the ensuing investigations with carbon 
dioxide, acetylene, and water gas. 


Hydrocarbons from Carbide, Thermodynamics by R. Negishi, O. Kimura, and 
O. Kamiike, Rev. Phys. Chem., Japan, 15 (1941), 31 will be henceforth referred to as 
Paper (A) I. (A) will be used in contradistinction to Papers from I to VI on the 
same subject which have been published in Japanese in J. Soc. Chem. Ind., Japan, 
(1941-1942). In those papers experimental details have been minutely given. In 
the present series of papers, which will appear in this Bulletin, most of the experi- 
mental details will be abridged, and only a minimum of them, pertinent to the discus- 
sion of the results, will be included. 
(1) G. Egloff, Reactions of Pure Hydrocarbons, Reinhold Publish. Corp., N. Y. 
(1937); C. Ellis, The Chemistry of Petroleum Derivatives, Reinhold Publish. Corp., 
N. Y., Vols. I and II (1934 and 1937). 
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Experimental Details. (1) Materials. Carbide. A commercial 

product which had the following composition* was used: 
Hydrogen. Commercial electroly- 
Component “ by Weight tie hydrogen of which purity was rather 
Acetylene 85-75 inferior (about 97°, the rest being air) 
12-19 was used without any purification. 
0.8-1.8 Nitrogen. A commercial product 
1.7-2.5 compressed in a cylinder was used with- 
0.3-1.5 out any purification. 
0.2-0.! The other gases used in the later in- 
vestigations will also be given here. 

Carbon Dioxide. A commercial product of about 99.5% purity 
was used without any purification. 

Carbon Monoxide. It was prepared by the action of formic 
acid on hot concentrated sulphuric acid. It was partially. purified by 
bubbling through a KOH solution (20%) and distilled water. 

Acetylene. It was prepared by dropping the carbide grains of 
1 to 2 mm size into excess of water. The gas was bubbled through several 
wash bottles containing distilled water. No further treatment was 
effected. 

(2) Apparatus. The reaction gas was first collected into two 
20-liter bottles so arranged that while one was being discharged, the other 
could be filled up simultaneously. By this means an uninterrupted flow 
of gas was possible. The gas was passed through a gas meter and then 
a water reservoir, or a saturator, maintained at a constant temperature 
(within +0.1°C) by means of a well insulated automatic regulated 
thermostat. The temperature of the bath, consequently that of the 
water in the saturator was so adjusted as to give a proper water vapor- 
gas ratio. The vapor and gas and their mixtures were assumed ideal in 
calculating their compositions. The saturated gas was passed from the 
top to the bottom through the carbide layers, sandwiched between those 
of glass wool, occupying about 50cm. of a Terex glass reaction tube of 
2.5-3 cm. diameter. By inserting the layers of glass wool, cracking and 
breaking of the teaction tube due to packing effect, caused by CaCO, 
formation, were prevented to some extent. Usually, 200 g. of the carbide 
grains per run was used. The reaction tube was heated by means of an 
automatically regulated electric furnace of 75cm. length. The tempera- 
ture could be easily maintained within +2°C and most of the time within 
+1°C. The products were condensed, first, by a water-condenser and 
then by a trap cooled with a mixture of solid CO. and alcohol. The 
condensates in the condenser were designated as “‘condenser” and those 
in the trap “trap.”” The non-condensable gas was passed through a second 
gas meter and collected in a second set of two 20-liter bottles similarly 
arranged as the first. When one of the bottles was filled up, a gas sample 
was taken for analysis. Usually, a complete run required from 8 to 10 


The authors are grateful to Messrs. Kataoka, Kodama, Nakano, and Inaba 
for this as well as for most of the liquid and solid analyses given in this series of 
investigations; also to Messrs. Nagayoshi, Shimamura, and Maruyama for performing 
the experiments. 
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hours. The whole apparatus was made of Terex (similar to Pyrex) glass. 
Only where metal was connected to glass, rubber tubing was employed. 
The oil vapors never seriously came in contact with rubber at any point. 
The apparatus was equipped with by-pass from which nitrogen could be 
introduced to flush out the air in the reaction tube. A thermocouple was 
inserted from the bottom. It was so long as the temperatures at various 
points in the carbide reaction zone could be observed. 

(3) Methods of Analysis. Since the detailed description of the 
methods of analysis used has been given in one of our papers) it will 
not be repeated; however, as has been mentioned above, a minimum of 
it, indispensable to a fuller appreciation of the results discussed here and 
in the subsequent papers, will be given. 

Carbide. Acetylene and carbonate contents were determined from 
the volumes of the gases developed by treating it with a 25% NaCl solu- 
tion saturated with acetylene and with the above solution acidified with 
phosphoric acid, respectively. The gases were collected over the same 
solution. The total carbide analysis was made by alkali fusion, and Si, 
S and P were determined, respectively, as SiO., SO,, and PO. 

Solid Residue. Any free, or decomposed, carbon and high 
polymers in the residue were determined together by elementary analysis 
after the carbonate and acetylene had been eliminated by the above 
method. The residue was extracted with chloroform when necessary. 

Gas. Since our investigations were exploratory in nature, a large 
number of samples, containing complex mixtures of such components as 
CO., C.H., olefins, O.. CO, H», saturated gases, and nitrogen, had to be 
analysed. We finally adopted as the most suitable method for our purpose, 
both in speed and accuracy, a modified method of Schuftan, which in turn 
was a modification of Orsat’s. Speed was gained at the expense of 
accuracy; accuracy of 5° must be considered satisfactory. 

All of the gases, except hydrogen and the saturated ones, were deter- 
mined by absorption with usual reagents. Hydrogen was determined by 
catalytic and selective combustion with copper oxide at 200-—300°C; the 
saturated gases, by explosion. One of the most troublesome features and, 
at the same time, the source of the greatest uncertainty in our method 
was the absorption of acetylene in the CO. absorption medium. This was 
finally overcome by saturating the KOH solution with Na.SO,, and passing 
the sample through the medium just once which was sufficient to absorb 
all of CO. and but slightly of acetylene. The results of Table 1 are 
instructive in this connection. 

Liquid Products. The liquid products were subjected to ele- 
mentary analysis, and usually the oxygen content was calculated by 
difference; however, direct oxygen determinations were made if neces- 
sary. In most of the cases calculation by difference was sufficient for 
our purpose. Combined products from different runs were subjected to 
distillation, and the various fractions were determined from their boiling 
ranges and other physical constants. The liquid products of these runs 
contained small amounts of sulphur, nitrogen, and oxygen as phenols and 


(2) O. Kamiike, S. Kataoka, M. Nibayashi, and R. Negishi, Paper II. 
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Table 1. Solubility of Acetylene in KOH Solution. 
(Purity of ‘acetylene, 95.2). 
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If a sample contains less acetylene, the percentage absorbed 
will be less. 






ethers. Alcoholic products, however, constituted the major portion of 
the oxygenated compounds in the product. 













Results and Discussion. Since the experimental data on the forma- 
tion of hydrocarbons directly from carbide“) ©) is scarce, the authors 
have undertaken to conduct some experiments to find out the optimum 
conditions for the best yield of liquid products. Hydrogen( and nitrogen) 
saturated with the water vapour at about 80°C* has been first tried, and 
the results obtained are given in Table 2 for which some additional ex- 
planation may be necessary.’ In this paper (and also in this series of 
investigations), the time of contact has been calculated as follows:—the 
free space in c.c. of the carbide, taken equal to 1/2 of the total weight of 
the carbide charged, plus the glass wool space is multiplied by the total 
time in second and the product is divided by the total volume in c.c. at 
the reaction temperature of the hydrogen (or the reaction gas) introduced. 
The sum of the percentages in the Table is not necessarily equal to the 
figures given in the total carbon balance, since part of the carbide has 
been transformed into C.H, and other products, and none of them has 
been included in the Table. The deviations of the total carbon and weight 
balances from 100 serve as a measure of reliability of the results found 
in the Table. 

Effect of Temperature. In Fig. 1 the percentages of the products 
given in Table 2 are plotted against reaction temperatures. The various 
points at 300°C are less reliable than those at the other temperatures, 






























(3) G. L. Putman and K. F. Kobe, Chem. Rev., 20 (1937) 131. This paper 
contains also other reactions than calcium carbide. 

(4) H. Plauson and G. Tischenko, G. P. 346065 (1921); N. V. de Bataasche 
Petroleum Maatschappij. Holl. P. 22573 (1927); Chem. Zentr. 1931, I, 1356; F. Hans- 
girg, J. P. 127812, 134273, 134712. 

(5) SS. P. Gambarjan and L. S. Kasarjan, R. P. 41516; A. T. Babayan, J. Gen. 
Chem. (U.S.S.R.) 8 (1938) 602; Chem. Abst., 33 (1939), 1269. In these references 
the carbide is reacted with acetone and ether to produce some hydroxy-yne compounds. 

* At this temperature the ratio of the water vapor to gas is approximately 1 
to 0.85. This proportion has been found to give nearly the best yield under our 
conditions. 
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Table 2. Hydrogen Systems. 


Exp. No. 1,29 I1,30* 1184 1135* I131 [124 IL18** IL16 1125 1127 
Reaction Temp°C ........ 300 340 380 420 460 
Time of Contact (sec.)... 12.38 14.1 18.1 18.5 12.6 7.8 10.9 10.6 7.3 5.4 
Carbide Introd. (g.) .... 200 200 200 200 200 100 100 += 100 100 =100 
Lig.*** Carbon on React. 

Carbide Carbon (“%) .. 5.5 16.0 21. 3.5 18.4 20.6 11.4 15.3 9.4 10.4 
CH. (%) z. 0.0 3. 2 104 54 118 68 93 9.7 
CnH.n (%) x 0.8 6 3. 4.7 2.1 5.6 4.6 4.5 4.6 
C.H:e 20.5 24.8 26. 34.3 23.8 26.8 74 19.8 126 13.2 
(CO.+CO) % f 2.9 2. , 3.5 1.3 0.8 0.5 0.6 1.1 
Decomp.+ High 

11.8 7.3 20.7 48.9 26.8 26.7 49.8 23.8 39.4 44.8 
Carbonate (%) 9. 0.0 3.7 123 68 93 — 12.6 12.0. 12.9 
Total Carbon Balance ... 78.5 77.8 81.6 102.0 96.8 94.3 93.5 90.6 89.8 96.6 
Total Weight Balance ... 99.4 96.0 99.8 100.6 99.8 100.2 98.3 98.1 99.8 99.2 


* Nitrogen used. Data not plotted in Fig. 1. 
** Data not used in Fig. 1. 
*** (© of produced carbon on reacted carbide carbon. 


but in the general picture of the mechanism of the reactions, they seem 
to fit sufficiently to warrant their appearance in the Figure. For the sake 


of convenience, the forma- 
tions of the products will be 
discussed in their order of 
appearance on the 300°C 
line. 
The amount of free 
acetylene increases from 
300 to 340°C, where it 
attains a maximum, and 
then decreases rapidly. 
There is no satisfactory ex- 
planation for this behavior, 
but from a_ considerably 
body of experimental data 
available from our runs, we 
may offer some suggestions. 
At lower temperatures (as 
at 250°C), we have obtained 
practically no liquid pro- 
ducts, but a large amount 
350 450 Of “yellow powder,” or 
Temp.°C cuprene-like substance, and 
Fig. 1. Effects on Products of Carbide of the efficiency of its forma- 
Temperature. tion at the temperature is 
much greater than that of 
the liquid products at 340°C where the formation of the latter is the 


% on Reacted Carbide Carbon 





1942] Hydrccarbons from Carbide (A) II. 123 


highest. The one run made with hydrogen showed a conversion into the 
solid product of over 30° * as compared with 21.8% for the liquid. We 
might assume, therefore, that at lower temperatures the nascent acetylene 
molecules are in more favorable conditions as regards the effects of 
thermal agitation and cracking** and of the free energy of reaction‘ 
for the solid polymerization. As the temperature is raised the sojourn 
of the acetylene molecules in the favorable positions becomes shorter, and 
an increased amount of free acetylene is resulted; at still higher tem- 
peratures the effects of thermal cracking become striking, and the con- 
centration of it again decreases. 

The yield of liquid products must also have a maximum. According 
to our thermodynamic considerations“, at lower temperatures the forma- 
tion of solid polymers predominates, and, as the temperature is raised, 
the size of the polymers becomes less, and more liquid products are formed. 
With a further increase of temperature, the size of the molecules decreases 
further, and the amount of gaseous products increases at the expense of 
those of the liquid. 

The residue is yellow at 250°C and becomes darker with the increase 
of temperature; at above 400°C it is black. At lower temperatures it 
may not contain any free carbon, but above 400°C some of it (or polymers 
with their hydrogens stripped off) is actually present. 

The carbonate formation increases with the increase of temperature 
and is also dependent on the increasing formation of CO. with tempera- 
ture. This CO. reacts with the freshly produced CaO from the carbide 
to form CaCOQOs. 

The sources of CO. and CO are not clear. We hesitate to make a 
definite statement on this point; however, it seems that the formation 
of CO. is intimately associated with CO. Some of the reactions, involving 
the substances found in the present systems, which may produce CO are 
given below: 

Reaction 4F at 400°C 
C + 140. = CO — 40400 
C + CO; = 2CO™ + 12800 
C+ H.0 =CO+ Hz + 9500 
CH, + CO. = 2CO + 2H, + 17200 
CH, + 1440. = CO + 2H, — 36000 
CH, + H.O = CO + 3H, + 13900 
CH;,0H = CO + 2H, — 7400 
CO. + H. = H.O + CO + 3300 








* With other gases like CO, CO:, C:Hs, the % conversion is from 35 to 65% of 
the reacted carbide carbon. 

** At lower temperatures this effect is most pronounced. Since the reactions 
involving the carbide are highly exothermic, if the rate of reaction becomes sufficiently 
rapid, the accumulation of the heat of reaction far exceeds the dissipation of the 
same, and there may set in thermal decomposition and other complications. 

(6) Paper (A) I. 

(7) A. Semechkova and D, Frank-Kamenetzky, Acta Physicochim., (U.R.S.S.) 
12 (1940) 879. According to the investigators, the reaction is C+CO,—CO+ (CO), 
where (CO) is the adsorbed carbon monoxide, and this reaction takes place at 600°§. 
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In these reactions the source of oxygen may be that present in the 
original hydrogen, and CH:;OH has been identified as one of the products. 
These reactions may require much higher temperatures so that their rates 
become appreciable than the temperature range in our experiments. The 
fact, however, that (a) the actual temperature at the point of reaction 
is higher than that indicated*, (b) most of the reacting partners are in 
their nascent states, and (c) the products of reaction are removed con- 
tinuously") may induce some of these reactions to proceed as indicated 
above. Moreover, some of them may take place on the surface of the 
solid. In this connection the work of Kawakita®) on the decomposition 
of CO, into C and CO on reduced iron at temperatures as low as 300 to 
400°C is suggestive. 

The increase in the content of methane with the increase of tempe- 
rature is as expected from thermodynamic considerations and is borne out 
by abundant experimental data. 

The increase in the formation of CnH.n with the increase of tempe- 
rature may be due to partial cracking of the large molecules, on the one 
hand, and hydrogenation” and polymerization’ @(* of the acetylene 
molecules, on the cther. 

Effect of Time of Contact. Next, we shall consider briefly the effects 
of time of contact. Although the results are not complete, some informa- 
tion may be gathered from the relationship between the time of contact 
and the yield of liquid products for the hydrogen runs at 380°C. In these 
runs 190 g. of carbide grains was used. The results are shown in Fig. 2, 





* At times the temperature at the reaction zone is nearly as much as 100°C 


higher than the average temperature (300°C) of the furnace. 

(8) R. Negishi, a paper to be published in Rev. Phys. Chem., Japan, (1941). 
This precisely has been the case in the synthesis of iso-butyl alcohol in the presence 
of the carbide. By the continuous and rapid removal of the products of reaction, 
the equilibrium of the reaction is shifted sufficiently te counter-balance the effects of 
reduced pressure and temperature. 

(9) According to K. Kawakita, Rev. Phys. Chem., Japan, 11 (1937), 75; ibid., 
12 (1938), 105; ibid., 13 (1939), 87; ibid., ibid., 14 (1940), 1, the reaction is, on a 
reduced iron catalyst, 


1) Fe+ (CO. ads = Fe,Oy+ (CO)ads. 
2) 2CO)ads. = C+(CO:)ads., 


and these steps are repeated. This reaction can take place at a fairly low temperature 
range, 300 to 400°C. 

(10) H. A. Taylor and A. van Hook, J. Phys. Chem., 39 (1935), 811; J. B. 
Conn, G. B. Kistisakowsky, and E. A. Smith, J. Am. Chem. Soc., 61 (1939), 1868; A. 
Farkas and L. Farkas, ibid., 61 (1939), 3396. The latter authors have shown that 
acetylene is first hydrogenated nearly completely to ethylene, and the ethylene then 
is hydrogenated to ethane. 

(11) G. Egloff and E. Wilson, Ind. Eng. Chem., 27 (1935), 917. They claim 
that ethylene is the key molecule for the polymerization of organic products, including 
the unsaturated. 

(12) Storch, J. Am. Chem. Soc., 56 (1934), 374. He has explained the forma- 
tion of olefins with odd carbon number from ethylene by assuming a disproportionation 
to give a higher and a lower olefin, for example, 


2C,H; 


C;H, + C,H. . 
“C,Hy» 


—~ 
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which is self-evident and requires no further remarks, especially when 
in lack of more complete data on the subject. 

Finally, a comment will be made on the size of carbide grains. In 
some of the runs with powdered carbide which are not mentioned in this 
paper, there has been some evidence that the reaction becomes too rapid 
due to local accumulation of 
the heat of reaction. The 
liquid yield, consequently, 
decreases markedly, and that 
of the decomposed carbon 
increases even more remark- 
ably. If the size of the 
grains is too large, the sur- 
face available for reaction 
becomes less, and the con- 
centration of the nascent 
acetylene molecules may be- 
come too small, and again the 
yield decreases. The same 
sort of concentration effect 


— 
—s 


_ 
So 


Time of Contact (sec.) 





6 
10 12 14 16 18 20 22 has been found when the 
% Liquid Products saturation temperature is too 
low (about 65°C). On the 
Fig. 2. Time of Contact and Yield. other hand, when the tem- 


perature is above 85°C, and 
the concentration of the enter molecules is large, the yield of liquid 
products has been reduced by the heat of reaction involving the water 
molecules and the carbide. 


With these informations on hand, studies on the synthesis of hydro- 
carbon liquids directly from the carbide have been continued, using such 
gases as CO., C.H», water gas, and HCl, and their results will be given in 
the later papers which will appear also in this Bulletin. 


Summary. 


General experimental procedure, methods of analysis, and purifica- 
tion of materials have been given sufficiently in detail in order that the 
sources of difficulty and uncertainty in the results obtained not only 
in this paper but also in this series of investigations on the non-catalytic 
synthesis of hydrocarbon liquids directly from calcium carbide may be 
estimated. 

Orientation and exploratory investigations have been made on hydro- 
gen systems, and it has been found that a grain size of 1 to 2mm, a 
saturation temperature of 80°C, and a reaction temperature of 340°C 
proved most suitable for the synthesis of liquid hydrocarbons under our 
experimental! conditions. 

The effects on the fermations of the products of temperature have 
been discussed. These effects are intimately associated with the heat of 
reaction involving the carbide which is large. 
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The effects of the time of contact and of the grain size have been 
briefly mentioned in passing. 


It is the authors’ pleasure to thank Prof. T. Marusawa for his com- 
ment and encouragement throughout this work. They are also grateful 
to Dr. Sato, the director of this institute, for his permission for publica- 
tion; to Dr. Fritz Hansgirg for suggesting the problem and with whom 
some interesting discussions have been held. 


The Central Laboratory, 
South Manchuria Railway Company, Dairen. 





Synthesis of Guanidine Compounds by the Cyanamide Con- 
densation Method I. Preparation of Ethylenediguanidine and 
Tetramethylenediguanidine.* ** (Studies on some derivatives of 


calcium cyanamide. XI.) 


By Kiitiro SUGINO, Kozo SHIRAI and Kiyoshi AOYAGI. 


(Received November 17, 1941.) 


Introduction and Outline of the Research. 


In the previous communication, one of the authors® (K. Sugino) 
studied the reaction of amine salts with dicyandiamide for guanidine 
preparation and the mechanism of this reaction was perfectly determined. 
For ammonium salt, this mechanism was outlined as follows :— 


» 


A part of this report was given in the lecture at the general meeting of the 
Chemical Society of Japan, held in April, 1941. 
A part of this paper is one (Part II) of the papers of the series “Studies on 

Raw Materials of Synthetic Fiber”. (Part I: J. Soc. Chem. Ind. Japan, 44 (1941), 706.) 

(1) The earlier papers of this series: I. Y. Kato, K. Sugino and K. Koizumi; 
J. Electrochem. Assoc. Japan, 2 (1934), 187; Bull. Tokyo Univ. Eng., 3 (1934), 684; 
Chem. Abst., 28 (1934), 7250. II. K. Sugino: J. Electrochem. Assoc. Japan, 4 (1936), 
396. III. K. Sugino, T. Kobayashi and Y. Shibazaki: J, Electrochem. Assoc. Japan, 
5 (1937), 390. IV. K. Sugino and M. Ogawa: J. Electrochem. Assoc. Japan, 6 (1938), 
292; Chem. Abst., 34 (1940), 7704. V. K. Sugino: J. Chem. Soc. Japan, 60 (1939), 
111; Bull. Tokyo Univ. Eng., 8 (1939), 84; Chem. Abst., 34 (1940), 2795. VI. VII. 
K. Sugino: J. Chem. Soc. Japan, 60 (1939), 267, 351; Bull. Tokyo Univ. Eng., 8 
(1939), 99; Chem. Abst., 34 (1940), 2273; 35 (1941), 5097. VIII. K. Sugino: J. Chem. 
Soc. Japan, 60 (1939), 411; Bull. Tokyo Univ. Eng., 8 (1939), 151; Chem. Abst., 35 
(1941), 5097. IX. K. Sugino: J. Chem. Soc. Japan, 60 (1939), 507; Bull. Tokyo Univ. 
Eng., 8 (1939), 195; Chem. Abst., 35 (1941), 5098; Chem. Zentr., (1939) II, 2638. 
X. K. Sugino and M. Kanayama: J. Electrochem. Assoc. Japan, 8 (1940), 250. 

(2) Report VII of this series: loc. cit, (Foot note 1.) 
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(1) NH.-C(NH)-NH-CN+NH,-HX = (NH.-C(NH)-NH-C(NH)-NH;)HX 
NH,-C(NH)-NH,)HX +1/2 NH,-C(NH)-NH-CN 
“(NH;-C,NH)-NH,)HX +NH2-CN 

(3) 1/. NH,-C(NH)-NH-CN +1/. NH;HX =1/.(NH»-C(NH)-NH-C(NH)-NH;)-HX—-+ reaction (2) 
(83Y NH.-CN+NH;-HX = (NH.-C(NH)-NH.)HX 


(2) 
(ey (NH,-C(NH)-NH-C(NH)-NH.)H X 


The formation of biguanide menosalt, its thermal decomposition into 
guanidine salt and dicyandiamide or cyanamide and the reaction of latter 
compounds with parent ammonium salt take place successively and 2 mols 
of guanidine salt is obtained from 1 mol of dicyandiamide and 2 mols of 
ammonium salt. 

The reaction of aniline hydrochloride with dicyandiamide was also 
found to take place according to this mechanism. But in this case, two 
reactions take place in the thermal decomposition of phenylbiguanide 
hydrochloride®). It is decomposed to (a) guanidine hydrochloride and 
phenyleyanamide and to (b) phenylguanidine hydrochloride and cyana- 
mide. 


NH,-C(NH)-NH-CN-+-C,H;NH,-HCl = (C,H;NH C(NH)-NH-C(NH)-NH,)HC1 
(NH.-C(NH)-NH.)HC1+C,H;NH-CN 


(C,H,;NH-C(NH)-NH-C(NH)-NH.)HCl 
4(C,H;NH-C(NH)-NH:)HCl1+-NH,-CN 


The cyanamides formed in nascent state react again immediately 
with aniline hydrochloride. and the salts of diphenylguanidine and 
phenylguanidine are formed. (A part of cyanamides reacts together to 
give the phenyl derivatives of melamine.) 


C,H;NH-CN+C,H;NH:-HCl = (C,H;NH-C(NH)-NHC,H;)HCl 
NH.-CN+C,H.NH,-HCl = (C,H,NH-C(NH)-NH,)HCI 


From these results, it was found that several kinds of guanidines 
were necessarily formed by the reaction of amine salt with dicyandiamide. 
Therefore, in order to convert the amine into corresponding simple 
guanidine, the older cyanamide method must be applied if calcium cyana- 
mide is used as the starting material. 

It has been well known that guanidine salt can be obtained by the 
action of cyanamide with amine salt. General methods of guanidine pre- 
paration using cvanmide may be summarized as follows:— 


H.O 
(1) RNH;-+-NH,-CN ——— RNH-C(NH)-NH, 
cold 
C,H,OH 
(2) RNH,-HX+NH.,-CN — -—_—~— (RNH-C(NH)-NH.)HX 
boiling or 
in sealed tube 


But recent guanidine literature indicates the popularity of methyl- 
isothiourea sulphate method (3) over the cyanamide condensation 
method. 


(3) Report VIII of this series: loc. cit. (Foot note 1.) 
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H.O or 
C,H,OH 
(83) RNH.+(NH.-C(NH)-SCH,)1/2 H.SO, - + (NH.-C(NH)-NHR)1/2 H.SO,+CH,SH 


hot or cold 


This reason is not clearly known by the authors. But many dis- 
advantages are found in the older cyanamide method. In that process, 
side reactions are possible in each instance. The three most common side 
reactions are the polymerisation of cyanamide to dicyandiamide (a), the 
condensation of this latter compound with the parent amine salt to give 
a biguanide salt (b) and the hydration of cyanamide to urea (c) (in 
aqueous solution). These may be outlined as follows :— 


(a) 2NH.-CN = NH.-C(NH)-NH-CN 
(b) NH.-C(NH)-NH-CN+RNH»-HX = (NH2-C(NH)-NH-C(NH)-NHR)HX 
(c) NH,CN+H.0 = NH,-CO-NH, 


Therefore the yield of guanidines is very poor and the separation of 
guanidine salt from by-products and unchanged amine salt looks very 
difficult. 

The cause of the above side reactions are probably due to the slowness 
of the rate of condensation for the guanidine salt. And it would appear 
that this method becomes practical when the rate of condensation abso- 
lutely exceeds that of side reactions. 

The authors undertook to study this problem using the reacticns of 
cyanamide with diamine salts. And it was found that corresponding 
diguanidine dihydrochloride was quantitatively obtained when diamine 
dihydrochloride was fused with the excess of cyanamide. At about 140°C, 
this reaction was completed for a short time and the probable side reaction 
was only the polymerisation of excess of cyanamide to dicyandiamide. 

The reaction product contained diguanidine dihydrochloride and di- 
cyandiamide. The separation of these two compounds was easily per- 
formed when the reaction product was refluxed with acetone. Dicyandi- 
amide was soluble in hot acetone, but diguanidine dihydrochloride was not 
soluble. By this extraction, almost pure diguanidine dihydrochloride was 
obtained. If melamine (polymerisation product of 3 mols of cyanamide) 
existed, it was separated by the recrystallisation of diguanidine salt from 
alcohol. 

From pure diguanidine dihydrochloride thus obtained, various salts 
of diguanidine were prepared and the properties of these compounds were 
compared with that cited in the literature. 

Free alkylene diguanidines are not obtainable and not described in 
the literature. These compounds were also prepared by the action of 
metallic sodium with diguanidine dihydrochloride suspended in absolute 
alcohol and by evaporating the resulting alcoholic solution te almost dry- 
ness under the reduced pressure at low temperature. Beautiful crystals 
of alkylene diguanidine could be obtained when the concentrated alcoholic 
solution of diguanidine was mixed with a large amount of acetone and 
the resulting turbid mixture was allowed to stand for a long time. From 
the free alkylene diguanidine, many salts were also prepared. 
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Literature. About the synthesis of these diguanidine salts, only two 
literatures have as yet been published. Schenck prepared ethylenedigu- 
anidine dihydroiodide in alcoholic solution at room temperature from 
ethylenediamine hydrate and methylisothiourea hydroiodide and many 
salts of ethylenediguanidine were also derived from the dihydroiodide. 
Tetramethylenediguanidine salts were prepared by Kiesel) by the reac- 
tion of cvanamide with tetramethvlenediamine in aqueous solution at room 
temperature. (34% of the diamine could be converted to diguanidine and 
agmatine.) Tetramethylenediguanidine was also found by Kutscher, 
Ackermann u. Fléssner“ in the muscle of Arca Noae and was named as 
Arcain. 


Experimental materials. 1. HKthylenediamine. Commercial sample 
(Ethylenediamine hydrate) was used without purification. Its picrate 
melted at 230°C. From this, the hydrochloride was prepared. (Found 
Cl, 53.3. Calculated for C.H;sN2:2HCI: Cl, 53.3%.) 

2. Tetramethylenediamine (Putrescine). Tetramethylenediamine 
was prepared from ethyl alcohol by the following procedure. 

Ethylene, made by passing the vapour of ethyl alcohol over Japanese 
acid clay at 380-390°C, was absorbed in bromine and the resulting ethylene 
dibromide (Yield: 90%) in alcoholic solution was refluxed with a slight 
excess of saturated aquecus solution of potassium cyanide according to 
the direction of Fauconnier™. Ethylene dinitrile (M.p. 53-54°C, B.p. 
158-159°C/19 mm, 124°C/5 mm, yield: 52%) was obtained by distilling 
the reaction product under the reduced pressure. This was dissolved in 
absolute alcohol saturated with dry NH; gas and was reduced by metallic 
sodium. (The temperature was maintained below 20°C.) The reduction 
product was neutralized by cone. HCl and after removal of insoluble 
substances (NaCl, NH,Cl etc.), the filtrate was evaporated to dryness to 
give the crude tetramethylenediamine dihydrochloride. For separation 
of ammonia from tetramethylenediamine, the crude diamine salt was 
converted to free diamine by the fractional distillation of the former 
compound with NaOH. Free tetramethylenediamine distilled was again 
neutralised by conc. HC] and evaporated to dryness. The residue was 
recrystallised from 85% alcohol. M.p. 317°C. (Found Cl. 43.8; N, 17.7. 
Calculated for C,H,.N.-2HCI: Cl, 44.0; N, 17.4%.) 

3. Cyanamide. Cyanamide was prepared from commercial calcium 
cyanamide according to the direction of one of the authors (K. Sugino) 
and M. Kanayama‘) which was described in the previous paper. M.p. 
44°C. 


Reaction of cyanamide with alkylenediamine dihydrochloride. 
1/100 mol ef ethylenediamine- or tetramethylenediamine dihydrochloride 
(1.33 g, 1.61¢ respectively) was thoroughly mixed with 2/100 mols 
(0.84 g, equimolecular amount) or 3/100 mols (1.26 g¢) of cyanamide and 


(4) Z. physiol. Chem., 155 (1926), 306. , 
(5) <ibid., 118 (1921), 277. 

(6) ibid., 199 (1931), 273. 
2 8. 
(8) 








Bull. soc. chim., [2], 50 (1888), 214. 
Report X of this series: loc. cit. (Foot note 1.) 
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Ethvienediamine 2HCI 1/100 mo) 


anamide 2/100 


+ Unamune 2HC! dissolved gradually 


Temperature (°C) — 
Temperature (°C) — 


* 42°C (Melting pomt of cyanamide) 





Temperature (°C) — 
Temperature (°C) — 
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the mixture was heated in an oil-bath under fused state. The detail of the 
reactions was shown in the heating curves. (Fig. 1, 2, 3 and 4). 

The evolution cf heat due to the increase of the rate of condensation 
began at 135°C (ethylene-) and 155°C (tetramethylene) respectively and 
the temperature of the mixture reached about 240°C even if as small an 
amount of sample as 1/100 mol was used. This rise of the temperature 
induced the decomposition of diguanidine salts. In the case of ethylenedi- 
amine dihydrochloride, ethylenediguanidine dihydrechloride was obtained 
with a fair vield even at a high temperature. But in the case of putrescine 
dihydrochloride, the properties of the reaction product according to the 
heating curve (Fig. 2 or 4) was not identified with that of tetramethy- 
lenediguanidine dihydrochleride. So, for obtaining the alkylenediguanidine 
salt in pure state, it is essential that the temperature of the reaction is 
seriously regulated not to rise above 150°C at the highest. The influence 
of the reaction temperature and of the quantity of cyanamide on the 
yield of diguanidine was shown in Table 1. 

Analytical method: Total reaction product (from 1/100 mol of diamine 2HCl 
and 2/100-38/100 mols of cyanamide) was dissolved in distilled water and the solution 
was made up to 250c.c.. 50c.c. of the aliquot portion was transferred to a beaker and 
about 150 ¢.c. of the saturated solution (20°C) of ammonium picrate and a few drops 
of conc. NH,OH (NH,OH dissolved the dipicrate of diamines) were added to it with 
constant stirring. (In the case of tetramethylenediguanidine, conc. NH,OH was 
previously added to the ammonium picrate solution.) The precipitate was filtered off 
by suction with a gooch crucible of known weight and dried for 2-3 hrs. at 110°C and 
finally weighed as diguanidine dipictrate. The filtrate should be tested by adding more 
ammonium picrate solution. The solubility of ethylenediguanidine dipicrate in 
saturated ammonium picrate solution was found to be 0.0144 ¢./100c.c. at 25°C. 


Table 1. 


Quantity of samples Yield of Diguanidine 
(mol) Condition of (%) 
aoe 2 ; -__OCOQCo-- ~*~ 
Diamine 2HCl Cyanamide ne eae Ethylene Tetramethylene 


1/100 2/100 Fig. 1 & 2 71 aa" 
1/100 2/100 140~150°C, 30 mins 80 —- 
1/100 3/100 Fig. 3 & 4 87 91* 
1/100 3/100 140~150°C, 30 mins 103 95 


In these cases, pure tetramethylenediguanidine could not be obtained as above 
mentioned. Therefore these data were calculated from the quantity of dipicrate which 
was assumed to be pure tetramethylenediguanidine dipicrate. 


In the case of tetramethylenediamine dihydrochloride, agmatine 
(aminotetramethyleneguanidine) salt was not found in the reaction pro- 
duct even if 1 mol of cyanamide was used for 1 mol of diamine salt. 

From these results, it is demonstrated that for converting the alky- 
lenediamine dihydrochloride perfectly to corresponding diguanidine 
dihydrochloride, it is most favorable for 1 mol of diamine dihydrochloride, 
to be fused with 3 mols (1.5 times of equivalent amount) of cyanamide 
and the temperature of the reaction mixture cautiously maintained at 
about 140°C for less than 30 mins. This reaction is an exothermic one 
as above mentioned, so the regulation of the temperature is quite difficult 
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if a large amount of sample is used practically. But for small scale 
experiment, this is performed by a simple cooling.* In the case of large 
scale experiment, it is favorable that a small amount of water is previously 
used in the mixture of samples (or a small amount of water is added into 
the fused mass (140°C) from time to time) or an extremely concentrated 
aqueous solution of diamine dihydrochloride (1 mol) and cyanamide 
(3 mol) is heated in an autoclave at 140°C for 30-60 mins. 

Ethylenediguanidine dinitrate and dihydroiodide were also prepared 
by tusion of 1/100 mol of ethylenediamine dinitrate and dihydroiodide 
with 3/100 mols of cyanamide according to the heating curves of Fig. 5 
and 6. The yields of diguanidines were 60% and 70% of the theory 
respectively. The decomposition of the dinitrate at higher temperature 
was more rapid than that of the dihydrochloride. At 135-145°C, the 
yield cf the dinitrate reached to 84% of the theory. 


Temperature (°C) — 





> 
oe 
u 
=] 
oe 
x 
L 
v 

a 
E 
— 

i 


Ethyienediamine 2HI 1/100 mol 
Cyanamide 3/10 ,, 


10 15 


Time — Time — 


Fig. 5. Fig. 6. 


* The method of cooling in these experiments was as follows:—The reaction 
mixture was first heated according to the heating curves (Fig. 1 and 2) and when 
the temperature of the reaction reached 140°-150°C, the reaction vessel was taken 
away quickly from the oil bath. The temperature continued to rise by the heat of 
reaction, so the vessel was cooled by air or water. And when the temperature was 
depressed below 140°C by cooling, the vessel was again heated in the oil bath. These 
methods were repeated several times and after the evolution of heat ceased, the vessel 
was heated at about 140°C for a time. 
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Isolation of pure diguanidine dihydrochloride from the reaction 
product. By the above method, ethylenediamine- or tetramethylenedi- 
amine dihydrochloride could be converted perfectly to the corresponding 
diguanidine dihydrochloride. The possible impurities may be dicyandi- 
amide and melamine due to the polymerisation of excess of cyanamide. 
For removal of dicyandiamide, the fused mass was pulverised by rubbing 
with a glass rod in a small portion of absolute alcohol and the powdered 
reaction product was refluxed with acetone for about 3hrs. (100 c.c. of 
acetone was used for 5g. of the crude diguanidine 2HCl.) Almost pure 
diguanidine dihydrochloride was obtained by a single extraction with 
acetone. Melamine probably does not exist when the reaction takes place 
at about 140°C, but if it exists, it is separated by the recrystallisation of 
the residue of acetone extract from alcohol. The properties and analytical 
results of pure alkylenediguanidine dihydrochloride were as follows :— 
Ethylenediguanidine dihydrochloride. M.p. 225°C. M.p. of its dipicrate 
284°C. (Found Cl, 31.6; N, 39.6; C:H,.N, (ethylenediguanidine, deter- 
mined as dipicrate), 67.6. Calculated for C,H,.N,°2HCl: Cl, 32.7; N, 
38.7; CyHieNe, 66.4%.) 

Tetramethylenediguanidine dihydrochloride. 

(1) Residue of acetone extraction. M.p. 228°C. M.p. of its dipic- 
rate 253°C. (Found N, 34.8; CysH;;N« (determined as dipicrate), 7( 7. 
Calculated for CyHigN,«*2HC!: N, 34.3; CeHicNe, 70.2%.) 

(2) 1¢. of sample (1) was refluxed with 20c.c. of absolute alcohol. 
Soluble part (0.25 ¢.): M.p. 227-228°C. (Found N, 34.1. Calculated 
for CgsHigNeg’2HCl: 34.3%.) Insoluble part (0.70 g¢.): M.p. 233-234°C. 
(Found N, 35.0. Calculated for C,,H,,N,*2HCl: 34.3%.) 

Ethylenediguanidine dinitrate was also purified by this method but 
not the dihydreiodide. For the salts of diguanidines which dissolve in 
acetone, this method cannot be applied. 


Free alkylenediguanidines. Free alkylenediguanidines could be ob- 
tained in crystal form. The procedure was as follows: 

In an alcoholic suspension of pulverised diguanidine dihydrochloride, 
a slightly less amount of clean sodium cuttings was added piece by piece 
with frequent shaking. (For example, 2.17g. of ethylenediguandine 
dihydrochloride (2.45 g. of tetramethylenediguanidine dihydrochloride) 
was suspended in 30-50 c.c. ef absolute alcohol and 0.45—0.46 g. of metallic 
sodium was added.) After removal of the precipitate, the solution was 
evaporated under the reduced pressure at low temperature to a syrupy 
mass which was allowed to crystallise in a vacuum desicator. In order 
to prepare a pure and beautiful crystal, absolute acetone was added to 
the concentrated solution until white turbidity occurred and was allowed 
to stand for 2 or 3 days. A beautiful and large crystal of ethylene- and 
tetramethylenediguanidine could be obtained. . 

Ethylenediguanidine. M.p. 163°C. M.p. of its dipicrate 285.5°C. 
(Found N, 59.1. Calculated for C,;Hi.N,: N, 58.3%.) 

Tetramethylenediguanidine. M.p. 172°C. M.p. of its dipicrate 
253°C. (Found N, 48.3. Calculated for Cg>H,;Ny: N, 48.8%.) 


Preparation of various salts of ethylenediguanidine and tetrame- 
thylenediguanidine. 1. From the dihydrochloride the dinitrate was 
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prepared by the addition of the theoretical amount of AgNO, to the solu- 
tion of dihydrochloride. The dipicrate was precipitated from an aqueous 
solution of the dihydrochloride. The chloroplatinate and dichloroaurate 
were also precipitated from the dihydrochloride in aqueous solution. The 
melting point and other properties are shown in table 2. 


Table 2. 
1. Salts of ethylenediguanidine 
M.p. 
Salts M.p. (given by Crystal form 

(°C) Schenck) (°C) (under microscope) 
C.HyNe2HCl ......ce 225 Aggregate of small cubic crystal 
C,HizNo-2 picrate ..... 287 284-285* Long needlelike prism (brownish yellow) 
C,Hi:Nw-2HNOs ....... 252 252 Thin plate 
C,HwNeH:PtCh ...... 253 255-258 Small granules (orange yellow) 
C.HwN«2HAuCk ..... 255 258 Large plate (golden yellow) 


* Schenck reported that this dipicrate decomposed without melting. But the 
dipicrate obtained by the authors melts at this temperature. 


2. Salts of tetramethylenediguanidine 


Salts M.p. Pe by Crystal form 
(°C) Kiesel) (°C) (under microscope) 
CsHisaNo-2HCl ...... 228, 234 Aggregate of small plate-shaped crystals 
CvHiwNo-2picrate 253 253-254 Long needle (brownish yellow) 
CoHwNo-2HNO; ..... 242 Plate 
CeHieNo-H:PtCle .... 224 224 Small platelike granule (deep yellow) 
CoHwNe2HAuCk ... 173 173 Small needlelike granule (light yellow) 


2. From free diguanidine the carbonate was precipitated by passing 
CO. saturated with water vapour in the absolute alcoholic solution of 
diguanidine. The carbonate was converted to the sulphate by the addi- 
tion of dil. H.SO, The dihydroiodide, adipate and sebacate were also 
prepared from the absolute alcoholic solution of diguanidine by the addi- 
tion of HI and the alcoholic solution of adipic acid or sebacic acid. The 
melting point and other properties are described in table 3. 

Polymerisation of ethylene- and tetramethylenediguanidine adipate 
or sebacate. 


Table 3. 
1. Salts of ethylenediguanidine 
M.p. 
Salts M.p. (given by Crystal form 
(°C) Schenck) (°C) (under microscope 
C.HieN«-H:COs ...... 193 Long needle 
C.HwzNu-H:SO,. ...... 278 Plate 
CeisNeBHI ..cccss 216 218-220 Large plate 
C,HizNv-adipate .... 263 Small granules 


C.,H.N.-sebacate .... 217 Small granules 
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2. Salts of tetramethylenediguanidine 


M.p. 
Salts M.p. (given by Crystal form 
(°C) Kiesel) (°C) (under microscope) 
CeoHwNe-H:COs ........ 202 Aggregate of small needlelike crystals 
CoHisNo-HeSO, ........ 297 291 Spheric aggregate of small needle-shaped 
erystals 
Co cPieEEEL 2 6ccsccccs 199.5 Large plate 
C.sHicNe-adipate ...... 274 Fine blanching needle 
CoH.iwNo-sebacate ...... 227 Small granules 


Further, it was tested whether these diguanidine-dicarboxylic acid 
salts are able to form a fiber-forming polymer just as diamine-dicarboxylic 
acid salts by removal of the water formed in the reaction or not. 


NH, NH, 
| t t 
(CH.)n-NH-C=N:H HOOC-(CH:)n-COOH HN=C-NH-~(CH,), 
NH, NH. 


| 


| | 
(CH:)n-N H-C=N-CO-(CH;)n-CO-N=C-NH-(CH.)n 


And it was found that this dehydration was difficult and imperfect 
compared with the case of diamine-dicarboxylic acid salts under same 
conditions and the thermal decomposition of diguanidine salt (into diamine 
salt and other comps.) occurred. (Heating in the absence of a solvent or 
diluent (fusion method) to reaction temperature (180-250°C) under the 
extremely reduced pressure (1mm) or H». N» atmosphere.) 

The cause of this difficulty is probably due to the existence of the 
double bonds between carbon and salt-forming nitrogen in guanidine 
groups. According to preliminary experiments, the resulting polymers 
had fiber-forming property, but were somewhat soluble in hot water. 
(Ethylenediguanidine sebacate gave a polymer which was almost insolu- 
ble in water). These experiments are now being continued. 


Summary. 


(1) Ethylenediguanidine- and tetramethylenediguanidine dihydro- 
chloride were prepared by the reaction of 3 mols of cyanamide with 1 mol 
of corresponding diamine dihydrochloride in fused state at about 140°C. 
The yield was about 100% of the theory. 

(2) The dihydrochlorides were purified by the extraction with 
acetone which dissolved dicyandiamide. 

(3) The method for preparing free diguanidines in crystal form 
is described. 

(4) “Various salts of these diguanidines were prepared from dihydro- 
chlorides and free diguanidines and the melting point and other properties 
of these salts are also described. 


In conclusion, the authers extend their thanks to the Department of 
Education and to Hattori Hoko Kwai for grants furnished to this re- 
search. Thanks are also due to Mr. M. Yamashita for carrying out the 
analytical work. 
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Studies on Amino-Acids and Related Compounds, XV.* The 
Formation of Isovaleronitrile from Leucine by Electrolysis. 


By Saburo MIDUNO and Yoshitaro TAKAYAMA, 


(Received November 20, 1941.) 


In Part XI it was described that the electrolysis of leucine in dilute 
sulphuric acid at 100°, gave isovaleraldehyde as a main product and a 
little of isovaleric acid as well as a little of a neutral substance which had 
comparatively high boiling point. The present communication deals with 
the confirmation of the above-mentioned neutral substance as isovaleroni- 
trile, and the conditions of its formation. 

The neutral substance distilling over at 125-130° (as described in 
Part XI) was fractionated three times and the fraction, boiling at 128— 
129°, was collected. This fraction contained nitrogen on being hydrolised 
with sulphuric acid, and it gave isovaleric acid as well as ammonia and 
on being reducted with sodium and alcohol in toluene it gave isoamylamine. 

From these facts the neutral substance was identified as isovaleroni- 
trile, and the yield of the nitrile was only about 5° to isovaleralsdehyde. 
Attempts were made to find the conditions which gave good yields of 
nitrile, and it was found that on the electrolysis of leucine in dilute sul- 
phuric acid, mainly aldehyde was formed and the yield of the nitrile was 
small, while it was also found that the amount of the nitrile formed 
greatly, increased, and gave the yield of about 30% of the nitrile to 
leucine’), when the acidity was kept as low as possible in the presence 
of sodium or ammonium sulphate. 

It is known that amino-acids when oxidised by chloramine-T“ or 
sodium hypobromite™ give the corresponding nitriles. From the present 
experiments, it was found that also on electrolysis, leucine yielded iso- 
valeronitrile and moreover gave good yields of nitrile under suitable condi- 
tions. 

From these facts, it is quite probable that the electrolysis of leucine 
in dilute sulphuric acid proceeds in the following scheme (I and II). 


CH, (1) CH; 
>CH-CH;-CH-COOH - > YCH-CH,-CHO + NH; + CO, 
CH’ | CH.” 
NH, 
Isovaleraldehyde 
Leucine 
| 
¥ (11) ¥ 
CH, CH. 
>CH-CH.-C =N + CO, + 2H.0 ‘CH-CH.-COOH 
CH.” CH 
Isovaleronitrile Isovalerie acid 


ranslated by the authors from J. Chem. Soc. Japan, 62 (1941), 252. 


: 

(1) Part XI, this Bulletin, 12 (1937). 342. 

(2) Japanese patent 134719. 

(3) H. D. Dakin, Biochem. J., 10 (1916), 319. 

(4) A. H. Friedman and S. Morgulis, J. Am. Chem. Soc., 58 (1936), 909. 


See also Japanese patent 98556 (S. Komatsu). 
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In the electrolysis of leucine in dilute sulphuric acid, the aldehyde- 
formation (1) is the main reaction, but the electrolysis at an acidity as 
low as possible in the presence cf sodium or ammonium sulphate is rather 
favourable to the nitrile-formation (II). .These facts may be attributed 
to the amphoteric properties of the amino-acids. The formation of nitriles 
from other amino-acids by electrolysis will be reported in near future. 


Experimental. I[t was already 
described in Part XI that when 
leucine _Wwas electrolysed in dilute Tempera- Distillate Index of 
sulphuric acid at 100 7 yielded an oily Fractions ture(°C) (g.) refraction 
substance. When this oil was ex- nb 
tracted with alkali to remove iso- Po... 125-127 2.1 
valeric acid there remained a neutral 127-128 2.9 
part which consisted of mainly 128-1282 8.0 
isovaleraldehyde and a little neutral 4 .... 1282-129 105 1.3904 
substance boiling at 125-130°. 

‘ 5 «eee 129-130 5.1 1.3906 

In the present experiments, the 
neutral substance (125-130°) was The fraction 3 had a sp. gravity 
submitted to fractional distillation 4° = 0.79321. 
three times as shown in Table 1. 


Table 1. 


tb 


ee) 


1. Isovaleronitrile. Hydrolysis —Formation of isovaleric acid and 
ammonia. The fraction 4 (0.2505 ¢.) boiling at 128.2-129, was refluxed 
in 20 c.c. of sulphuric acid (1:1) for 17 hours and distilled with addition 
of an excess of alkali to estimrate nitrogen by Kjeldahl method (Found: 
N, 16.58%. Cale. for isovaleronitrile C;H,N: N, 16.80%). 

The volatile base in the above distillate was identified as ammonia 
by the analysis of chloroplatinate (Found: Pt, 43.65%. Cale. for 
(NH,).PtCls: Pt, 43.96%.) 

After the removal of the volatile base (NH.,) as described above, 
the residue was acidified with sulphuric acid and submitted to steam 
distillation to separate volatile acid. From the distillate silver salt was 
obtained as usual (Found: Ag, 51.87%. Silver isovalerate C;H,O.A'g: 
Ag, 51.63%). Its anilide was also prepared, m.p. 111-112°. No lowering 
of melting point was cbserved when mixed with a pure specimen of the 
anilide of isovaleric acid. 

Reduction.“—Formation of isoamylamine. Metallic sodium (10 g.) 
was melted in toluene (50 ¢.) on heating and a solution of the fraction 
3 (6.1 g., b.p. 128—-128.2) in absolute alcohol (12 ¢.) was added to it drop 
by drop with continual stirring. After 1 hour, absolute alcohol (12 g.) 
was added in the same way as above and then 97% alcohol (8'%.) was 
added to dissolve the excess of sodium. After adding water (7¢g.), it 
was submitted to steam distillation. When concentrated hydrochloric 
acid (7 g.) was added to the distillate, an aqueous layer separated out. 
After distilling off the alcohol from the aqueous solution, the residue was 
evaporated up and hydrochloride (7.7 g.) was obtained. By the addition 





(5) A. E. Arbusow, Ber.,43 (1910), 2298 (d??—0.7884, b.p. 128.5). 
(6) R. Adams and C. S. Marvel, J. Am. Chem. Soc., 42 (1920), 314. 
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of alkali to the hydrochloride, free amine was obtained and fractionated 
as shown in Table 2. 

TIsoamylamine-chloroplatinate and its 

Table 2. oxalate. — Isoamylamine-chloroplatinate 

- was prepared as usual. It decomposed 

Fraction —— Distillate 4+ 215°. (Found: Pt, 33.20%. Calc. for 


as bing ) (C;Hi:N)sH»PtCl,: Pt, 33.41%). When 
eae 92-95 0.6 the solution of anhydrous oxalic acid 
“2a 95-97 2.5 (0.35 g.) in ether (25g.) was added 
‘ore 97 0.5 to the ethereal solution of the amine 


(0.3 g.), white precipitate separated out. 
The precipitate was filtered, washed 
The fraction 3 had a sp. gravity twice with ether, and recrystallised from 
dj = 0.7483.) 97% alcohol into plates, m.p. 178°. 
(Found: N, 7.76%. Cale. for isoamyla- 

mine monooxalate C;H,;,;N-C.H.O,4: N, 7.90%). 
From the facts described above, the neutal substance, boiling at 128— 
130°, was identified as isovaleronitrile. Its yield was about 5% to iso- 

valeraldehyde. 


10tal .. 3.8 


2. Electrolysis of leucine under various conditions. To improve 
the yield of the nitrile, several attempts were made. For instance: 


Leucine (25 ¢.) was dissolved in the mixture of N-H.SO, (105 c.c., 
equivalent to leucine) and N-Na.SO, (105 .c.c.) and electrolysed at above 
100°. The volatile oxidation products were collected in the distillate 
during the electrolysis as described in Part XI. The conditions of the 
electrolysis were as follows: Electrodes: lead peroxide anode (6.5 
18.5¢m.), lead cathode (6.5x5cm.). C. D.: 2 amps/dm.?_ Electric 
quantity: 4.7F/mol. The voltage between electrodes: 3.1-3.3 volts. 

The distillate consisted of an oily (10.3 g.)-and an aqueous (89 c.c.)- 
layers. The acidity of the electrolysed solution was 0.322N and its pH, 
1.4. The content of the nitrile in oil (calculated from its nitrogen) was 
28.5°.. The oil (20¢.) of the distillate obtained by the same way as 
described above, was dissolved in ether and the corresponding aqueous 
layer was extracted with ether. The combined ethereal solution was 
treated with N-NaOH to remove isovaleric acid and shaked with 30%- 
NaHSO, to remove isovaleraldehyde and then treated with 1° sodium 
carbonate. The ethereal solution thus obtained was dried over anhydrous 
sodium sulphate and submitted to fractional distillation as shown in 
Table 3. 

The fraction 3 and 4 were combined and the nitrile was reduced 
to the isoamylamine by the same way as described above, and submitted 
to fractional distillation as shown in Table 4. 

Isoamylamine oxalate was alsc prepared. It melted at 178°. The 
results of the electrolysis of leucine under various conditions are shown 
in Table 5. 








— ee 






(7) W.E. S. Turner and E. W. Merry, J. Chem. Soc., 97 (1910), 2073 (d2°= 
0.7505). 
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Table 3. Table 4, 
Fraction Temperatnre Distillate Fraction Temperature Distillate 
(-C) (g-) (°C) (g-) 
ere 44-110 0.4 L secu 45-95.5 0.55 
ae 110-126 1.0 eo evaces 95.5-97 2.17 
ens 126-128 3.9 - Mavens 97 0.41 
coke 128-128.3 0.5 i «eines Residue 0.40 
a re residue 0.7 Total 3.50 
Total 6.5 The fraction 3 had sp. gravity 
_The fraction:3 had sp. gravity dy? = 0.7409.) 
dj? = 0.7855. 
Table 5. 
No. of expt. 1 2 3 4 5 6 
Sol. A. Sol. A. Sol. B. Sol. C. Soi. D. Sol. E. 
(200) (133) (220) (220) (210) (210) 
Electrolysate. (c.c.) 4 + 
2N-NaOH 2N-NaOH 
(15) (20) 
Leucine in the elec- ¢ P 
trolysate. (g.) 19.19 11,24 24.6 26-7 249 22.45 
Water added (c.c.) 91 100 100 85 91 — 
C. D. (amps / dm?) z 2 2 2 2 2 
F / mol. 3.67 6.25 2.86 2.63 4.70 5,28 
Amp. x hours. 2.4x6 2.4x6 2.46 2.4x6 2.410 2.4x10 
Volts. 4.0-4.5 4.7-5.0 33-3.4 4.1-4.0 3.1-3.5 3.4-3.8 
pH (After electr.) 2.4 3.5 <1.0 2.0 1.4 - 
H.SO,(N) 0.585 0.239 1.163 0.185 0.1675 _ 
(c.c.) (210) (215) (215) (197) (235) (206) 
NH, /T.N. (%) 95.5 98.0 82.2 83.6 100 me 
Distillate oil (g.) 8.1 5.6 7.3 8.9 10.6 9.12 
— oy ee 42.2 49.5 29.6 33.3 42.4 40.7 
aq. layer (c.c.) 92 79 86 106 41 86 
Nitrile (g.) 1.8 2.13 1.10 1.28 3.28 2.96 
(3.60,* (3.60,* 
Percent to leucine. 14.8 29.9 7.06 7.60 20.8 20.8 
(%) (24.0)* (25.8)* 





* and ** The quantity of isovaleronitrile or isovaleric acid in aqueous solution was 


combined. 
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Table 5.—(Concluded) 


No. of expt. ] 2 3 4 5 6 
Aldehyde (g.) 5.47 3.34 5.42 6.90 6.10 4.98 
“— to leucine. 43.5 45.2 33.3 39.2 37.1 34.0 

! 

— - acid in oil. 0.83 0.125 0.78 0.725 0.24 1.18 

| Percent to leucine. 5.57 1.40 4.08 3.95 5.95 6.30 

| =—(%) (7.80)** — (10.5)** 


Electrolysates : 

Solution A.—-To a solution of leucine (90 g.) in 2N-H.SO,(305 c¢.c.) 2N- 
Na.SO, (305 c.c.) was added. 

Solution B.—Leucine (30¢.) was dissolved in 2N-H.SO,(200c.c.) and 
water (20c.c.) was added to it. 

Solution C.—Leucine (30 g.) was dissolved in N-H.SO, (220 c.c.) 

Solution D.—Leucine (60¢.) was added to 2N-H,SO, (200¢c.c.) and 
(NH,).SO, (26.4 g., 0.2 mol) in water (200 c¢.c.) were mixed 
thoroughly and insoluble leucine (about 9g.) was filtered 
off, then water (10c.c.) was added. Thus, 444 c.c. ‘of the 
solution was obtained. 210c.c. of the solution contained 
24.9g¢. (0.19 mol) of leucine and the concentration of sul- 
phuric acid was 0.922 N. 

Solution E.—Leucine (52 ¢.) was dissolved in 2N-H.SO,(200c.c.) and 
Na.SO,(32 g., 0.2 mol) in water (200 c.c.), was added and 
filtered. 210c.c. of this solution contained 22.459. (0.17 
mol) of leucine and the concentration of sulphuric acid was 
0.913 N. 


As it is shown in Table 5, the yields of the nitrile in the experiments, 
1, 2, 3, 4, 5 and 6 were 14.8, 29.9, 7.06, 7.60, 20.8 and 20.8 respectively. 
The yields to 1 faraday per mol were 4.04, 4.78, 2.47, 3.05, 4.43 and 3.93% 
respectively. Thus, it was found that in the case of the higher acidity 
as in expt. 3, the yield was small, and in the case of the lower acidity, 
by the presence of Na.SO, or (NH,).SO, the yields were better. From 
the above experiments, it was found that the yields of isovaleronitrile 
could be increased if the electrolysis was carried out under suitable 
conditions. 


Chemical Laboratory, 
Suzuki-Shokuryokogyo & Co., Ltd., 
Kawasaki (near Tokyc), Japan. 
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Studies on the Adsorption at the Solid—Liquid Interface. I. 
On the Adsorption of Some Fatty Acids by Glass. 


3y Hideo AKAMATU, 


(Received November 25, 1941.) 


Introduction. Numerous investigations have been carried out with 
regard to the adsorption of the solute mclecules from solution on the solid 
surface, nevertheless, the information of the adsorption layer are rather 
scarce. The usual way of determining adsorption is to measure the 
amount of a dissolved substance which disappears from a known quantity 
of solution when it is brought into contact with the adsorbing powder. 
By such a method the adsorbed amount is estimated as the difference 
between two comparatively large quantities, and is, therefore, liable to be 
inaccurate unless the amount adsorbed is comparatively large. Investiga- 
tors, consequently, have turned their attention principally to the adsor- 
bents which have exceptionally great adsorbing power in order to simplify 
the experimental technique. Charcoal, or other porous substance such 
as silica gel has been used as the adsorbent in general. It is impossible, 
however, to interpret the results obtained on these substances, for 
practically nothing is known with the definitenes about surfaces of those 
substances. Moreover. the results obtained are considered to be com- 
posed of the overlapping of complex phenomena, that is the reason why 
called “sorption” instead of “adsorption.” 


The author has carried out some experiments with the hope that the 
phenomena may be treated as relatively simple matter, if a substance 
which has definite surface is used as adsorbent. As adsorbent which 
serves for such a purpose, powdered glass was used.‘! 

On the other hand, the problems of flotation, lubrication or the 
behavior of pigments suspended in oil, the informations of the adsorbed 
layer of a specific substance on the surface of solid materials are demanded 
for the practical purpose. On the surface of the general material, how- 
ever, it is difficult to carry out the experiment on adsorption, since the 
amount adsorbed is too small. 

The method hitherto used for this purpose consists of, e.g.) the 
determination of the amount of solute by titration or weighing it directly 
after the complete evaporation of the solvent. As for such a method, the 
selection both for the solvent and the solute is limited. 

The present auther has determined the change of concentration of 
a solution before and after the adsorbing procedure, by measuring its 





(1) The surface of the glass powder is not so simple as it has been expected 
at the beginning, and matters relating to this will be discussed in the next chance. 

(2) Harkins and Gans, J. Phys. Chem., 36 (1932), 86; Holmes and Thor, 
“Colloid Symposium Monograph. VII.” 1930, p. 213; W. Ewing, J. Am. Chem. Soc., 
61 (1939), 1317. 
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density, using the float method. The float method“) of measuring density 
was used at the beginning, for the determination of the concentration of 
a binary solution. In recent years, however, it is used exclusively for 
measuring the amount of heavy water in common water, and the experi- 
mental technique has been improved by many investigators in connection 
with the studies of heavy water. 


Experimental Procedure. A float, made of a boro-silicate glass, is 
put into the solution to be tested. By controlling the temperature of the 
solution, the float is made brought to suspention amid the solution. In 
this state, the density of the float and the solution is identical. 

The apparatus is shown in Fig. 1. In this figure, S and S’ are the 
thermostats, the temperature of the inner thermostat can be kept constant 
within the range of +0.002°C by 
the regulator R. The temperature 
is controlled by increasing or de- 
creasing the amount of mercury in 
the regulator which is connected 
to the mercury reservoir. C is 
the cell in which the solution to 
be tested and the float is contained. 
This cell and the float are made 
of boro-silicate glass (Terex 
glass). B is a Backmann thermo- 
meter. The motion of the float is 
observed through the telescope of 
a cathetometer, It is difficult to 
control just the temperature so as 
to keep the float in suspension 
amid the solution, and such tem- 
perature is found in the following 
way. Using a _ stop-watch the 
velocity of the float which moves 
up or down in the solution at a 
certain temperature is measured. 

Fig. 1. From the temperature and the 

velocity curve, the temperature a 

which velocity is zero will be found. This is the usual way of measuring 
the density of a solution by the float method. 

When the liquid is benzene or toluene, owing to their large coefficient 
of expansion, th velocity of the motien of the float is relatively large 
even in the small range of the temperature. It is preferable that the 
length of the cell is long, on the other hand, the capacity of the cell is 
desired. to be small for the saving of the solution used. From these rea- 
sons, the shape of the cell is quite slender and consequently the float too. 

What we need is not the absolute value of the density of solution 
for the purpose of measuring the adsorption but only the relation between 























(3) Richards and Shipley, J. Am, Chem. Soc., 34 (1912), 599; Richards and 
Harris, ibid., 38 (1916), 1000. 





1942] Studies on the Adsorption at the Solid—Liquid Interface. I. 143 


the concentration and the temperature at which the float stops in the solu- 
tion. Practically this temperature is given by reading the Beckmann 
thermometer. By testing with a series of the solutions of known con- 
centration, it has been found that there is a linear relation between the 
concentration and this temperature for a definite range of concentration. 
The experiment proceeds as follows, and its detailed description has been 
given in the preceding paper.“ 

A series of solutions of varying concentration is made. The density 
of each solution is measured and the relation between the density and 
the concentration is estimated. About 5g. of adsorbent is taken in a 
test tube, and 10 c.c. of solution is introduced in the tube. The test tube 
is then hermetically sealed and is shaken at intervals. After about a 
week the upper liquid is taken out and separated thoroughly from adsor- 
bent by the aid of centrifuge. The density of this upper liquid is measured 
and its concentration can be obtained from the known relation between 
the density and concentration. The amount adsorbed is given by the 
difference of the concentration of solution before and after the adsorbing 
procedure. 

By the present method, as shown in the following section, it is 
possible to estimate the amount adsorbed in the order of 10° mol adsorbate 
per 1g. of adsorbent. The accuracy will be better when the difference 
of the densities of components becomes larger. 

In the present report, the experiments described are on the adsorption 
of some fatty acids from the toluene solution by the glass powder. The 
glass powder has been made by crushing the glass tubing, commonly used 
in the laboratory. The part between 100 and 140 mesh was selected and 
the small particles were removed by levigation. Then powder is washed 
with chromic acid mixture and consecutively with water. The powder 
thus obtained is designated as the “crushed” glass powder for the sake of 
convenience. 

For each experiment, a part of this stock is taken and subjected to 
the following treatment. After washed in a Soxhlet apparatus with freshly 
distilled alcohol and then benzene, the powder is heated at 250-—270°C. 
for about 6 hours under the reduced pressure by a rotary pump. The 
powder thus treated was used in the adsorption. The experiments were 
carried out at room temperature. 


Results. 


Results are shown in Table 1 and Fig. 2. 


Table 1. 


Weight of Initial Final concentration Amount 

adsorbent concentration = ———————~ adsorbed by 

Solution (g.) (g.in100¢.c. (g.in Mol. in 1 g. adsor- 
solution) 100c¢.c. sol.) 11. sol.) bent (Mol) 

{ 5.724 0.1848 0.020 0.0033 4.810 

Acetic acid/Toluen .... 6.873 0.3695 0.115 0.0192 6.2 x 10-9 
6.989 0.739 0.360 0.0599 9.0 10-5 

{ 6.206 1.478 1.047 0.1744 11.6 «10 


(4) H. Akamatu, J. Chem. Soc. Japan, 61 (1940), 470. 
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Table 1.—(Concluded) 


Weight of Initial Final concentration Amount 
adsorbent concentration = ————-~————~ adsorbed by 
Solution (g.) (g.in100¢c.c. (g. in (Mol. in 1g. adsor- 
solution) 100c.c. sol.) 11. sol.) bent (Mol) 
4.704 0.090 0.050 0.0068 1.110 
1.690 0.180 0.133 0.0180 1.4x10- 
Propionic acid/Toluene. | 5.225 0.360 0.318 0.0429 1.1«10-5 
) 4.356 0.478 0.466 0.0629 0.4 10-9 
| 4.766 0.720 0.787 0.1063 —1.9x 10-5 
| 4.721 1.433 1.537 0.2076 —3.0 x 10-5 
{ 4.773 0.1453 0.086 0.0098 1.4«10- 
5.473 0.2545 0.215 0.0244 0.8 x 10-5 
| 5.438 0.2545 0.2025 0.0230 1.1 «10-5 
3utyric acid/Toluene ... 4.639 0.456 0.495 0.0562 —1.4«10- 
| 4.709 0.509 0.6125 0.0696 —2.5x« 10-5 
4.314 1.018 1.1075 0.1258 —2.4x«10- 
| 4.561 2.036 2.157 0.2449 —3.0 x10 
6.402 0.2218 0.035 0.0020 1.7«10- 
Capric acid/Toluene | 5.458 0.4435 0.292 0.0170 1.6 x 10-° 
) 5.170 0.887 0.750 0.0436 1.5 10-5 
| 5.296 1.774 1.708 0.0993 0.7 10-5 
5.692 0.125 0.030 0.0012 0.7 « 10-5 
| 4.915 0.250 0.085 0.0033 1.3x 10 
Palmitie acid/Toluene ..2 5.598 0.500 0.200 0.0078 2.1«10-5 
5.671 1.000 0.720 0.0281 1.9x 10-5 
| 4.989 2.000 1.675 0.0655 2.5 x 10-5 
{ 5.335 0.1085 0.077 0.0027 0.2 x 10- 
Stearic acid/Toluene , 5.748 0.217 0.127 0.0045 0.6 «10-5 
) 5.439 0.434 0.220 0.0077 1.4 10-5 
| 6.027 0.868 0.360 0.0126 3.0 x 10-5 
{ 5.904 0.2663 0.197 0.0070 0.4« 10-9 
Stearic acid/Toluene ... | 5.598 0.5325 0.487 0.0172 0.3 «10-5 
5.613 1.065 1.160 0.0411 —0.6 x 10-" 
| 5.449 2.130 2.690 0.0953 —3.6 «10-5 


Discussion. It is well known that, Traube’s rule holds when fatty 
acids are adsorbed by charceal (non-polar) from their aqueous solution 
(polar). However, on the other hand, the rule is reversed“) when they 
are adsorbed by silica gel (hetero-polar) from their solution in non-polar 
solvent such as toluene. The results given in this paper seem to have 
nothing to do with this rule. There seems to be three types of adsorption: 
—The type I, where the amount adsorbed increases with the increase of 
the concentration of the sclution as in the case of acetic acid. The type 
II, where the adsorption is positive in the region of the low concentration 
of solution, while it is negative in the region of high concentration as 
in the case of propionic acid or butyric acid. The type III, where the 


(5) Holmes and Mckelvey, J. Phys. Chem., 32 (1928), 1522; Bartell and Fu, 
ibid., 33 (1929), 676. 
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amount adsorbed seems to 













be nearly saturated at some ¢€ eel 
concentration of solution, as = * 
in the case of palmitic acid. & 8 

The type I and the type = ¢ measly °K 
1II are observed usually. 4 1 / Toluene 
The type III may be con- %E 4 debs 
sidered as the case of the s&,.:9 
monomolecular adsorption. 2% — 
If it is admitable to assume 3 
that the type III is the §& 2 
monomolecular adsorption, 5 4 
then the type I is the multi-  ¢£ 
layer ones. As to the type < -5| ec ee 
II, it can be exnected thai 
the propionic acid will be 2 4 6 8 10 12 14 16 18 20 22 
adsorbed positively from the Concentration (x 10-2 mol/1.) 


solution of which solvent is 
non-polar liquid such as 
toluene. This is a case of 
“polar and non-polar adsorption.” The type II is different also from the 
type of so-called “S” adsorption, for the transition happens in the region 
of very dilute concentration. 

Primarily, the amount is given as only the difference of concentration 
of solutions before and after the adsorbing procedure, and consequently. 
in the case of the positive adsorption, the solvent molecules may be ad- 
sorbed with the solute molecules at the same time, and in the case of 
negative adsorption, the solute molecules may also be adsorbed with 
larger amount of the solvent molecules. The author, however, maintains 
the following opinion. It is plausible to thin that, in the case of propionic 
acid and toluene, the layer directly contacts to the solid surface consists 
of propionic acid exclusively. When the adsorption layer of propionic 
acid is completed, however, the solid surface is covered by the electric 
double layers due to the dipoles of propionic acid, and consequently some 
other forces may be present en the adsorption of the second layer. So 
it is convenient to think about the first layer and the second layer sepa- 
rately with regard to the adsorbing forces. In the first layer, the adsorp- 
tion proceeds in the relation directly between the solid surface and the 
adsorbate molecules, while in the second layer, between the first layer and 
the adsorbate molecules. In the latter case, the effect of the field due 
to the dipoles of the first layer may be considered as one of the causes 
of the adsorbing force. At all events, propionic acid is preferably 
adsorbed in the first layer directly and contacts to the solid surface, 
however, as scon as this first layer is completed, it will be another 
problem whether the solute molecules or the solvent molecules are adsorbed 
in the second layer. It must be noticed, in the results of this paper, that 
the positive adsorption always takes place at first which follows by the 
negative adsorption. It is also remarkable that the adsorption in the first 
layer takes place very readily still in the region of the low concentration 
of sclution, except relatively large molecules such as palmitic acid or 
stearic acid. 


Fig. 2. 
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In the type I, acetic acid for example, the first, second and third 
layers etc. are all consisted of acetic acid. In the type II, propionic acid 
for example, after the first layer of the acid is completed, the solvent 
molecule, toluene, seems to be preferably adsorbed as the second layer. 
The results were similar, for the benzene solution instead of toluene. 
Table 2 shows the data obtained in the case of the solution of butyric 
acid in benzene, where the amount of the negative adsorption is somewhat 
greater than in the case of toluene solution. 


Table 2. Butyric acid/ Benzene. 


Weight of Initial Final concentration Amount adsor- 
adsorbent concentration —— bed by 1g. 
(g.) (g. in 100 c.e. (g. in 100 (Mol. in adsorbent 
solution) c.c. sol.) 11. sol.) (Mol.) 


0.166 0.113 0.0128 1.1x<i0—- 
0.332 0.292 0.0332 0.8x10- 
0.664 0.888 0.1008 —4.8x10-° 
1.328 1.625 0.1845 —6.5x10-° 
2.656 2.980 0.3384 —6.9 x 10-° 


ao oo 


If we assume that the negative adsorption is caused by the selective 
adsorption of the solvent molecules, then the adsorbed quantity of the 
solvent amounts enormously large to explain the results of Table 1 and 
2. The amount, necessary to cover the surface of 1g. of adsorbent is 
estimated roughly to be 210° mol. The calculation shows, from this 
figure, that the thickness of the adsorption layer.of toluene, in the case of 
propionic or butyric acid solution, is about 100 molecular layers. For the 
solution of butyric acid in benzene, the corresponding figure attains 150 
molecular layers. It is difficult to explain that such a large amount of 
solvent molecule is selectively adsorbed by a simple idea of the induction 
effect due to the field of dipoles in the first layer of propionic or butyric 
acid. No plausible explanation has yet been established. 

In the type III, after the first layer is finished, neither the solute 
molecule nor the solvent molecule is adsorbed for the second layer. The 
type III may be constructed by the monomolecular adsorption. This 
assumption may not be far from the truth, since the author has carried 
out some investigations about the thickness of the adsorption layer and 
its description will be given in the next paper. In the case of palmitic 
acid, the effect of dipoles in the first layer will be too small te complete 
the second layer, for the length of hydrocarbon chain of the molecule is 
too long. Such an effect of the molecular length appears in the case of 
capric acid, where the negative adsorption proceeds in gradual manner. 
The satisfactory results have not been obtained by stearic acid, for its 
solubility in toluene is small. The solution of oleic acid in toluene belongs 
to the type II. In this case, oleic acid has a double bond in the middle 
part of the molecule, and seems to behave as a short molecule. 


Summary. 


(1) <A method of determining relatively small amount of adsorption 
has been devised. To measure the change of concentration of solution 
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before and after the adsorbing procedure, the density determination using 
the float method is applied. 

(2) The experiments are described on the adsorption of some fatty 
acids from the toluene solution by the glass powder. 
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Uber die partielle Oxydation des Cholsaiuremethylesters. 
(Untersuchungen iiber Sterine, X XVI.) 







Von Satoru KUWADA und Syozo MORIMOTO, 


(Eigegangen am 4. Dezember 1941.) 









Bei der Dehydrierung des Cholsiuremethylesters mit Uberschuss 
Aluminiumphenolat in kochendem Benzol-Aceton”), konnten wir nur ein 
Dehydrierungsprodukt (C.;H,)O;) vom Schmp. 171-172° erhalten. Es 
liefert ein Diacetat (C.,»H,,0;) vom Schmp. 193°, dessen Monoxim 
(Co»H,;0;N) bei 178° schmilzt. Durch alkalische Verseifung der Kry- 
stalle vom Schmp. 171-172° entsteht eine freie Siure (C.sH;,0;, [a]$: 
+37.20°) vom Schmp. 181°, aus der ein Diacetat (C.,Hy20;) vom Schmp. 
197° dargestellt wurde. Das Dehydrierungsprodukt des Cholsiure- 
methylesters ist daher der ein von den 3 theoretisch méglichen Monoketo- 
dioxy-cholansauremethylestern. 

Durch Chromsiiure-Oxydation dieses Esters erhalt man den bekannten 
Dehydrocholsiuremethylester vom Schmp. 239° und durch katalytische 
Reduktion den Cholsiuremethylester vom Schmp. 152°. Deshalb kann 
man sagen, dass wihrend der obenerwaihnten Dehydrierung keine 
sterische Umlagerung des Cholsiuremethylesters stattgefunden hat. 

In der Literatur sind schon zwei Monoketo-dioxy-cholans4uren ange- 
geben. Wie in der Tabelle 1 ersichtlich, stimmt aber unsere Monoketo- 
dioxy-cholansiure mit keinen bekannten Monoketo-dioxy-cholansiure 
iiberein. 






















(1) J. Pharmac. Soc. Japan, 57 (1937), 247. 
(2) Alle Schmelzpunkten sind unkorrigiert. 
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Tabelle 1. 


Freie Saure Acetyl-methyl- 
Verbindungen Schmp. u. [¢]p Acetat Schmp. ester Schmp. 
3.7-Dioxy-12-keto- 218°, 219-220° +73-74 221-222° 179° 
cholansiure() 
3-Keto-7.12-dioxy- 121-123 197-198? 
cholansaure() 


Monoketo-dioxy-cholan- 
saure nach Kuwada 181°, +37.20 197 191-—193° 
und Morimoto 


Das aus dem Monoketo-dioxy-cholansauremethylester vom Schmp. 
171-172° dargestellte Hydrazon wurde mit Kali-Pulver im Olbad bei 150° 
erhitzt. Jer durch Wasserzugabe ausgeschiedene Niederschlag wurde 
aus Essigester umgelést, wobei die Nadeln (CosHyO4, [a]: +26.58— 
27.27°) vom Schmp. 206° entstanden. Diese Verbindung liefert einen 
Methylester vom Schmp. 151°, woraus einen Diacetyl-methylester vom 
Schmp. 146° entsteht. Die nach Kishner reduzierte Substanz ist also eine 
der Dioxy-cholansduren. Mit keiner bekannten Dioxy-cholansauren 
(Tabelle 2) stimmte aber die SAdure vom Schmp. 206° iiberein, was wohl 
auf die verschiedene Konfiguration des Hydroxyls beruht. 


Tabelle 2. 


Methylester Acetyl-methyl- 
Verbindungen Schmp. u. [«]p Schmp. ester Schmp. 


Desoxycholsdure (3.12) 172°6a) 95-97 (5b) 117°@e) 


a-Lago-desoxy- 156-157°, +80 
cholsaure (3.12) ( 


$-Lago-desoxy- 218°, + 37.4 
cholsaure () 


Iso-desoxy-cholsdure 
(7.12) 

(-Iso-desoxycholsadure 226-2 
(7.12) ® 

Cheno-desoxycholsdure 140°, +11.1-13.2 
(3.7) 

Urso-desoxycholsaure 208°, +44.5-51.1 
(3.7) 


Dioxy-cholansdure nach 206°, +26.93°? 151° 146° 
Kuwada und Morimoto 


Oxydiert man den Dioxy-cholanséuremethylester mit Chromsaure, so 
erhalt man Diketo-cholansiuremethylester (C.;H:.s0;, [a]: +15.96°) 


3) Borsche und Feske, Z. physiol. Chem. 176 (1928), 109. 

) Tai Sihk Sihn, J. Biochem. 27 (1938), 425. 

) a) Schlenck, Z. physiol. Chem., 148 (1925), 223. 
b) Dane und Brady, ibid., 244 (1936), 242. 
c) Wieland und Kapitel, ibid., 212 (1932), 273. 
Kishi, ibid., 238 (1936), 210. 
Wieland und Dane, ibid., 210 (1932), 268 u. vel. (2). 
Wieland, Honold und Pascual-Vila, ibid., 130 (1923), 326. 
Windaus, Bohne und Schwarzenkopf, ibid., 140 (1924), 167. 
Kaziro, ibid., 185 (1929), 151; 197 (1931), 206. 
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vom Schmp. 137—138°, der durch Verseifen eine freie Saure (C.,;H3«O0u,, 
[a] #: +16.10-16.36°) vom Schmp. 172° liefert. Die freie Sdure bildet 
auch ein Dioxim vom Zp. 263°. Diese Diketo-cholansdure ist identisch 
mit 7.12-Diketo-cholansaéure wie in der Tabelle 3. 


Tabelle 3. 


Freie Saure Methylester 
Verbindungen Schmp. u. [«]p Schmp. u. [«]p 

3.7-Diketo-cholansaure 153°) 

156°C) 

161°, 33.6°O"% 
3.12-Diketo-cholansaure(*) 188-189 
7.12—-Diketo-cholansaure 176°) 

171-172" 

176°C4) 135°, +15.5° 


Diketo-cholansadure nach 171-172°, +16.23° 137-138°, +15.95° 
Kuwada u. Morimoto 


Aus diesen Ergebnissen wurde es sichergestellt, dass bei der Alumi- 
niumphenolat-Dehydrierung des Cholséuremethylesters nur die am C3 
stindige Hydroxylgruppe angegriffen wird und 3-Keto-7.12-dioxy-cholan- 
sdure-methylester entsteht. 

Die vorliegende Arbeit wird daher schematisch wie folgt zusammen- 
gestellt: 

OH CH; OH CH; 
| CH, | : | CH, | 
A - ‘ie r~, 
Al-Phenolat 
; CH2! > 


Pw oe < 
| COOCH, kataiy. Red. 
HO—®* y, 7_OH O=\ , -OH 


(1) (II) 


Cholsauremethylester Cro 3-Keto-7.12-dioxy-cholansaure- 
Schmp. 152 : methylester Schmp. 171-172° 
CrO; 4 + 
O CH, OH CH, 
| CH; | | CH; | 
| a ss” ip 2, 
_ CH:| CH, ; 
at / \ rg Ps Vy F Pa 
COOCH COOH, 


O=\ /. Oo _OF 
sr \7 \4 7 _ 


(VI) (III) 


\ 


Dehydrocholsiuremethy lester Hydrazon Zp. 111° 
Schmp. 239° 
KOH } 


Wieland und Jacob, Z. physiol. Chem., 148 (1925), 232. 
Wieland und Borsche, ibid., 106 (1919), 190. 

Borsche, Ber., 52 (1919), 1352. 

Tschesche, Z. physiol. Chem., 203 (1932), 263. 





S. Kuwada und S. Morimoto. [Vol. 17, No. 3, 


Oo CH, CH; 
| CH; | 
\ Ps 


F CrO, F 
—— COOH 


/. j,—OH 
\/ 


COOH 
ra 
(IV) 


7.12-Diketo-cholansadure 7.12-Dioxy-cholansaure 
Schmp. 172” Schmp. 206° 


Beschreibung der Versuche. Cholsiuremethylester (1). Die aus 
frischen Rindergallen isolierte CholsaAure wurde mit Methanol und konz. 
Schwefelsiure methyliert und der Methylester aus absol. Alkohol um- 
gelést. Schmp. 152° (Anhydrid). 47.7 mg Sbst., gelést in Chloroform 
zu 3ccm, 2dm, 29°, a:+0.8°, [a] #3 :+25.15°. 

Dehydrocholsiuremethylester (VI). Cholsiuremethylester wurde 
in Eisessig bei 35—40° mit 10%iger Chromsaure-Eisessiglésung oxydiert 
und das Oxydationsprodukt aus Essigester zweimal umkrystallisiert. 
Schmp. 239°. 


Dehydrierung des Cholsiauremethylesters mittels Aluminiumpheno- 
lats: 3-Keto-7.12-dioxy-cholansiuremethylester (II). 5g Cholsaure- 
methylester wurden in 100 cem Aceton gelést und mit benzolischer Alumi- 
niumphenolatlésung (dargestellt aus 3g Aluminium-Amalgam und 15¢ 
Phenol unter Zusatz von Spuren Sublimat und Jod) auf dem Wasserbade 
10 Stdn. erhitzt. Die Reaktionslodsung wurde dann nacheinander mit 
10% iger Schwefelsiure und 10%iger Natronlauge geschiittelt. Beim 
Abdampfen des Benzols erhielt man einen krystallinischen Riickstand, 
der aus Aceton umgelést wurde. Feine Saiulen vom Schmp. 171-172°. 
(C.;H,O;. Ber. C 71.37, H 9.37, OCH: 7.37. Gef. C 71.50, H 9.38, OCH: 
7.02.) 

3-K eto-7.12-diacetoxy-cholanséuremethylester. Durch Erhitzen des 
3-Keto-7.12-dioxy-cholansauremethylesters mit Essigsiureanhydrid 3 
Stdn. auf dem Drahtnetz erhielt man ein Diacetat, das aus Essigester in 
Nadeln vom Schmp. 193° krystallisiert. (Cs »H,,0O;. Ber. C 69.00, H 8.79, 
OCH,, 6.14. Gef. C 69.05, H 8.46, OCH; 6.09.) 

3-Keto-7.12-dioxy-cholansiure. 3-Keto-7.12-dioxy-cholansauremethyl- 
ester wurde mit alkoholischen Kalilauge verseift und die freie Siure aus 
Essigester umgelést. Schuppen vom Schmp. 181°. 0.0129 g Sbst., gelést 
in absol. Alkohol zu 3ccm, 2dm, 29°, a:+0.32°. [a]#:+37.20°. 
(C.,H,.0;. Ber. C 70.88, H 9.42. Gef. C 70.56, H 9.57.) 

3-Keto-7.12-diacetoxy-cholansdéure. Das durch Erhitzen der 3-Keto- 
7.12-dioxy-cholansiure mit Essigsiureanhydrid 2 Stdn. dargestellte Dia- 
cetat wurde aus Essigester umkrystallisiert. Nadeln vom Schmp. 197°. 
(C..H,.0O;. Ber. C 68.52, H 8.63. Gef. C 68.38, H 8.75.) 

Oxim des 3-Keto-7.12-diacetoxy-cholunsiuremethylesters. 3-Keto- 
7.12-diacetoxy-cholansiuremethylester wurde in Alkohol mit Hydroxyl- 
aminacetat auf dem Wasserbad 2 Stdn. erwarmt. Nach der Wasserzugabe 
wurde der ausgeschiedene Niederschlag in Aether aufgenommen und der 
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Aetherriickstand aus Methanol umkrystallisiert. Nadeln vom Schmp. 
178°. (Cs »Hy;0;N. Ber. C 67.01, H 8.73, N 2.67. Gef. C 67.04, H 8.62, 
N 2.62.) 


Chromsaure-Oxydation des 3-Keto-7.12-dioxy-cholansiuremethyl- 
esters: Dehydrocholsiuremethylester (V1). 3-Keto-7.12-dioxy-cholan- 
sduremethylester wurde in Eisessig beim Zimmertemperatur mit Chrom- 
sdure oxydiert. Das Oxydationsprodukt krystallisiert aus Essigester in 
Nadeln vom Schmp. 239°. Sie zeigte bei der Misch-Schmp.-Bestimmung 
mit dem oben beschriebenen Dehydrocholsduremethylester keine Schmp.- 
Erniedrigung. (C.;H,,O;. Ber. C 72.06, H 8.72. Gef. C 71.83, H 8.33. 


Katalytische Reduktion des 3-Keto-7.12-dioxy-cholansauremethy]l- 
esters (II): Cholstiuremethylester (1). 1g 3-Keto-7.12-dioxy-cholan- 
sduremethylester und 1g Platinoxyd (nach Adams) wurden in 150 ccm 
Eisessig unter Wasserstoffstrom geschiittelt, wobei innerhalb 4 Stdn. 
68 ccm Wasserstoff absorbiert wurden (theoretisch berechnet 53.3 ccm). 
Nach der Beendigung der Reduktion wurde die Eisessiglésung in Wasser 
hineingegossen, und der ausgeschiedene Niederschlag in Aether aufge- 
nommen. Der Aetherriickstand wurde wiederholt aus absol. Alkohol 
umkrystallisiert. Sdaulen vom Schmp. 152°. 31.0 mg Sbst., gelést in 
Chloroform zu 3ccm, 2dm, 29°, a:+0.52°, [a]#:+25.16°. (C.;H,.0;. 
Ber. C 71.03, H 10.02. Gef. C 71.35, H 10.03.) Cholsiure. 

Der obenerwahnte Ester wurde mit alkoholischen Kalilauge verseift, 


und das Verseifungsprodukt aus absol. Alkohol umgelést. Sdaulen vom 
Schmp. 196°. 0.0843 ¢ Sbst., gelést in absol. Alkohol zu 10 ccm, 2 dm, 
29°, a:+0.43°, [a] §:+25.50°. (C.sHyO;. Ber. C 70.53, H9.87. Gef. 
C 70.76, H 10.18.) 


Kishnersche Reduktion des 3-Keto-7.12-dioxy-cholansiuremethyl- 
esters: 7.12-Dioxy-cholanstiure (1V). 5g 3-Keto-7.12-dioxy-cholan- 
sduremethylester und 1g MHydrazinhydrat wurden in 20ccm absol. 
Alkohol 2 Stdn. auf dem Wasserbad erhitzt und beim Zimmertemperatur 
stehengelassen. Das ausgeschiedene rohe Hydrazon schmolz bei 111° 
(unter Zers.). 5g Hydrazon wurden mit 10 g Kali-Pulver innig gemischt 
und im Olbad unter Wasserstoffstrom bis 150° erhitzt, wobei die Ent- 
wicklung des Ammoniak'gases deutlich bemerkt wird. Nach dem Auf- 
horen der Ammoniak-Entwicklung wurde die Reaktionsmasse kaltgestellt 
und dann mit Wasser versetzt. Die Wasserlésung wurde angesduert, der 
ausgeschiedene Niederschlag abfiltriert und in Aether aufgenommen. 
Aus Aceton, dann aus Essigester mehrmals umkrystallisiert, bildet der 
Aetherriickstand Nadeln vom Schmp. 206°. 23.70 mg, 18.70 mg Sbst., 
gelést in absol. Alkohol zu 3 ccm, 2dm, 21°, a:+0.42°, +0.34°, [a]} :+ 
26.58°, +27.27°. (Co.H,O, Ber. C 73.41, H10.29. Gef. C 73.22, 
H 9.92.) 

7.12-Dioxy-cholansiiuremethylester. Der aus 7.12-Dioxy-cholansaure 
mit Methanol und konz. Schwefelsdure dargestellte Methylester wurde 
aus Methanol wiederholt umkrystallisiert. Nadeln vom Schmp. 151°. 
(C.;H,.0O;. Ber. C 73.83, H 10.42, OCH; 7.62. Gef. C 74.06, H 10.28, 
OCH, 7.30.) 
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7.12-Diacetoxy-cholansdiuremethylester. Der nach der iiblichen Weise 
mit Essigsiureanhydrid acetyiierte 7.12-Dioxy-cholansiuremethylester 
krystallisierte aus Methanol als Nadeln vom Schmp. 146°. (C.»Hj¢O,. 
Ber. C 70.97, H 9.45. Gef. C 70.71, H 9.33. 


Chromsaure-Oxydation des 7.12-Dioxy-cholansauremethylesters : 
7.12-Diketo-cholansiuremethylester. 3g 7.12-Dioxy-cholansiuremethyl- 
ester wurden in 30 ccm Eisessig gelést und bei 27-31° unter Riihren inner- 
halb 1 Std. 10ccm 10% iger Chromsdure-Eisessiglésung tropfenweise 
hinzugefiigt und noch 1 Std. umgeriihrt. Der durch Wasserzugabe ab- 
geschiedene Niederschlag wurde in Aether aufgenommen und der Aether- 
riickstand aus Methanol mehrmals umgelést. Nadeln vom Schmp. 137- 

38°. 14.10 mg Sbst., gelést in Chloroform zu 3 ccm, 2 dm, 25°, a:+0.15°, 
[a]#® :+15.96°. (C.;H;,O,. Ber. C 74.57, H9.52, OCH; 7.70. Gef. 
C 74.21, H 9.61, OCH; 7.43.) 

7.12-Diketo-cholansiure (V). 7.12-Diketo-cholansiuremethylester 
wurde mit alkoholischen Kalilauge verseift und das Verseifungsprodukt 
aus Alkohol umgelést. Nadeln vom Schmp. 172°. 11.0 mg, 14.9 mg Sbst., 
gelést in Chloroform zu 3ccm, 2dm, 24°, a:+0.12°, +0.16°, [a]#:+ 
16.36°, +16.10°. (C.;H,,O,. Ber. C 74.17, H 9.39. Gef. C 74.06, H 8.95.) 

7.12-Diketo-cholansiiure-dioxim. 7.12-Diketo-cholansaure wurde in 
A xohol mit Hydroxylaminacetat erwirmt. Das durch Wasserzugabe aus- 
geschiedene Oxim wurde in Aether aufgenommen und der Aetherriick- 
stand mehrmals aus Methanol umgelést. Sdulen vom Zp. 263°. 
(Co;H;,0,N.. Ber. C 68.85, H 9.15, N 6.69. Gef. C 68.88, H 9.19, N 6.95.) 


Wissenschaftliches. Laboratorium, 
Ch. Takeda & Co., Ltd., Osaka. 


Untersuchungen tiber Flechtenstoffe. XCVII. Uber ein neues 
Tridepsid ,,Hiascinsaure“. 


Von Yasuhiko ASAHINA und Tunaharu KUSAKA. 


(Eingegangen am 15. Januar 1942.) 


Das Markgewebe der Flechte Cetraria hiascens Th. Fr: farbt sich 
sowohl mit Chlorkalk als auch mit Kalilauge purpurrot. Auf Grund 
ersterer Farbreaktion kénnte man darin das Vorkommen eines Stoffs 
erwarten, welcher in seinem Molekiil orcinihnlichen Kern besitzt. Beim 
Extrahieren der genannten Flechte aus Japan mit Aceton erhielten wir 
tatsichlich ein krystallinisches Produkt, welches jedoch nach der Mikro- 
Methode" gepriift, als Gemisch von wenigstens zwei Substanzen erkannt 
wurde. Durch den Krystall-Habitus unter Mikroskop wurde Gyrophor- 


(1)  Fortschritt der Chemie Organischer Naturstoffe, Bd. II, s. 53 (1939). 
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sAure sicher nachgewiesen. Infolge wenig ausgeprigter Krystallform 
konnten wir aber den Rest mit keinem bekannten Flechtenstoff identifi- 
zieren. 

Da das Krystallgemisch gegen Alkalien dem Oxyhydrochinon eigent- 
lichen Farbreaktion aufweist, so lasst es sich schliessen, dass der zweite 
Bestandteil zum Oxyhydrochinon-Derivat gehért. 

Dann haben wir das Depsid-Gemisch acetyliert und das Acetat- 
Gemisch aus Alkohol umgelést, wobei wir im schwerldslichen Anteil 
Tetraacetyl-gyrophcrsiure und im Jeichterléslichen Pentaacetyl-Derivat 
eines Tridepsids, welches um ein Sauerstoffatom mehr als Gyrophorsiure 
enthalt, rein isolieren konnten. Wir nennen das neue Tridepsid ,,Hiascin- 
sdure“; es ist nicht nur aus der Zusammensetzung C.2;H»»90;;, sondern 
auch durch die Konstitutionsaufklarung der Zersetzungsprodukte als eine 
Oxy-gyrophorsaure anzusprechen. Die Trennung der freien Saéuren lisst 
sich durch wiederholtes Umlésen aus Aceton bewerkstelligen, webei sich 
die Hiascinsaure in der leichter léslichen Fraktion ansammelt. 

Bei der Methanolyse nach Asahina und Akagi") liefert die Hiascin- 
saure 5-Oxy-orsellinsdure-methylester (I, Schmp. 205°), Orsellinsdiure- 
methylester (II, Schmp. 142°) und Orsellinséure (III, Schmp. 185°). 
Vor kurzem liess Hiraiwa“) auf der von ihm zum erstenmal dargestellten 
5-Oxvorsellinsiure Diazomethan nur kurze Zeit einwirken und hielt das 
so erhaltene Produkt vom Schmp. 154° fiir 5-Oxy-orsellinséure-methyles- 
ter von der Konstitution (1). Dies beruht auf einem Irrtum. Gegen 
Diazomethan ist die (4)-Hydroxylgruppe der 5-Oxyorsellinsiure fast 
ebenso reaktionsfahig wie Carboxylgruppe. Tatsdichlich hat Hiraiwa 
4-Methylather-5-oxyorsellinsiuremethylester in Handen gehabt, was wir 
durch Synthese bewiesen haben. 

Durch Einwirkung vom Ueberschuss *Diazomethan nimmt Hiascin- 
siure fiinf Methyle (statt sechs) auf und geht nur bis zum Tetramethyl- 
athermethylester iiber. Das noch unangegriffen bleibende Hydroxyl 
widersteht den iiblichen Methylierungsmitteln hartnickig. Weder durch 
Jodmethyl und Kaliumcarbonat noch durch Jodmethyl und Silbercarbonat 
liess es sich methylieren. Bei der Hydrolyse des Tetramethylather- 
hiascinsdure-methylesters entstehen 2.4-Dimethylither-5-oxy-orsellinsiure 
(IV, Schmp. 149°), Isoeverninsiure (V, Schmp. 149°) und Isoevernin- 
sdure-methylester (VI, Schmp. 114°). 

Hieraus folgt, dass sich die Hiascinsdiure durch die Konstitution VII 
ausdriicken lisst. Eine alternative Formel VIII ist deshalb auszusch- 
liessen, weil erstens die Hiascinsiure durch Barytlosung eine dem Oxy- 
hydrochinon eigentiimliche Farbenreaktion zeigt, zweitens der Tetra- 
methylither-methylester bei der Hydrolyse weder Dimethylither-orsellin- 
siure noch Everninsaure liefert, welche sich aus VIII erwarten lassen. 

Neulich hat der eine (Kusaka) von uns die Pentaacetyl- und Penta- 
carbithoxy-hiascinsdure synthetisch dargestellt und die Konstitution VII 
fiir Hiascinsdure experimentell bewiesen. 


(2) Ber. 68 (1935), 1130. 
(3) J. Pharmaceut, Soc. Japan, 60 (1940), 578. 
(4) J. Pharmaceut, Soc. Japan, 61 (1941), 355. 
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Zur Synthese des 5-Oxy-orsellinsiure-methylesters (I) haben wir 
zunachst 5-Oxy-orsellinaldehyd (IX, R=H, R’=CHO) acetyliert, den so 
erhaltenen Triacetyl-oxy-orsellinaldehyd (IX, R=CH;°CO, R’=CHO) zu 
Saure oxydiert und nach Veresterung mittels Diazomethans entacetyliert. 
Man kann auch die Hydroxyl-Gruppen des 5-Oxy-orsellinaldehyds mit 
Carbathoxyl-Gruppen schiitzen, wobei aber die Ausbeute an Endprodukt 
weniger ausfillt. Anderseits um 2,4-Dimethylather-5-Oxy-orsellinsdure 
darzustellen haben wir zunidichst 3-Methylither-2-3-5-trioxyl-1-methyl- 
benzol (X) nach Gattermann-Adams zum 4-Methylather-5-oxy-orsellinal- 
dehyd (XI) iibergefiihrt. Wird nun der letztere nach dem Schiitzen der 
Hycroxyl-Gruppen oxydiert, so geht er in 4-Methylither-5-oxy-orsellin- 
saure tiber, deren Methylester bei 154° schmilzt und mit dem von Hira- 
iwa“) fiir Methylester der 5-Oxyorsellinsiure gehaltenen identisch ist. 
Beim Benzoylieren geht der Aldehyd (XI) zum 5-Benzoyl-Derivat (XII) 
iiber, welches nach dem Methylieren und Oxydieren die Sdiure XIII liefert. 
Der Methylester der letzteren wird durch Entbenzoylieren in den Methyl- 
ester der IV umgewandelt. 


Beim 
Daisetu- 


Extrahieren der Bestandteile von Cetraria hiascens Th. Fr. 
Extrahieren von Cetraria hiascens gesammelt in Hekkaido: 
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Gebirge, mit Aceton wird ein krystallinisches Produkt erhalten. Ausbeute 
ca 4% bezogen auf Ausgangsmaterial. L6ést man die Roh-Substanz unter 
Deckglas aus Glycerin-Eisessig um, so bemerkt man winzige Krystall- 
warzen, die in Gegenwart der Gyrophorsiure zum Vorschein kommen. 

Wird das Krystall-Gemisch in Alkohol gelést und mit einem kleinsten 
Tropfen Barytl6sung versetzt, so firbt sich die Lésung rosarot, bei 
weiterem, vorsichtigem Zusatz von Barytlosung fallt einen griinen Nieder- 
schlag, der beim Umschwenken zu einer purpurroten Lésung aufgelést 
wird. 

Beim wiederholten Umlésen des Gemisches aus Aceton wurden zwei 
Hauptfraktionen erhalten. 


Gyrophorsaure. Die in Aceton schwerer lésliche Fraktion besteht, 
nach der Mikro-Methode gepriift, aus Gyrophorsiure und einer anderen, 
noch unbekannten Substanz. Nun haben wir die Fraktion mittels Acetan- 
hydrids unter Zusatz von Pyridin acetyliert und das Roh-Acetat wieder- 
holt aus heissem Alkohol umgelést. Das in Alkohol schwerer lésliche 
Acetat bildet, bei nochmaligem Umlésen aus Aceton farblose, feine 
Krystalle, die gleich wie Tetraacetyl-gyrophorsadure bei 228° unter Zer- 
setzung schmelzen. Bei der Veresterung mittels Diazomethans in Aceton 
liefert das Acetat farblose Prismen vom Schmp. 202°. Eine Mischprobe 
mit dem Tetraacetylgyrophorséure-methylester zeigte keine Schmp.- 
Depression. (Cs:Hs90;,;. Ber. C 60.88, H 4.65. Gef. C 60.97, H 4.81.) 

In der von Tetraacetyl-gyrophorséure befreiten, alkoholischen 
Mutterlauge verbleibt das Acetat der Hiascinsiure (s. u.). 


Hiascinsdure. Die in Aceton leichter lésliche Fraktion des Krystall- 
gemisches wurde so oft aus Aceton unter Wegschaffen des zuerst ab- 
zuscheidenden Anteils umgelést, bis eine Probe unter Deckglas auf dem 
Objekttriger aus Glycerin-Eisessig umkrystallisiert, keine Krystall- 
Aggregate der Gyrophorsiure mehr zeigte. Aus Alkohol umgelést bildet 
die so gereinigte Substanz farblose, winzige Prismen, die bei 190.5° unter 
Zersetzung schmelzen. Sie ist in Aether, Benzol und Chloroform auch 
in der Warme sehr schwer léslich, in Aceton und Alkohol in der Wirme 
leicht, in der Kalte schwer loslich. Die alkoholische Lésung wird durch 
Eisenchlorid blauviolett, durch Spuren Kalilauge rot gefarbt. Die oben 
citierte Reaktion durch Barytlésung wird mit derselben Lésung aus- 
geprigt hervorgerufen. Auch farbt sie sich mit Chlorkalk schén rot. 
(Co,H.~01;. Ber. C 59.48 H 4.16. Gef. C 59.79, 59.40 H 4.54, 4.33.) 

Methylester. Dargestellt durch Hinzufiigen von berechneter Menge 
Diazomethan zur eiskalten Lésung von Hiascinsdure in Aceton-Aether und 
darauffolgendes Schiitteln mit Bicarbenatlésung. Farblose Prismen vom 
Schmp. 144°. Die Farbenreaktion durch Alkalien sind dieselbe wie die 
freie Siure. (C.;H..0O,,. Ber. C 60.21 H 4.45 CH;O 6.22. Gef. C 59.96 
H 4.76 CH,O 6.11.) 

Pentaacetyl-hiascinsiure. Dargestellt durch Behandlung mit Aceton- 
hydrid und Pyridin bei Zimmertemperatur. Farblose Prismen vom 
Schmp. 176-178° (u. Zers.) (aus Alkohol). (Cs;HgoOi5. Ber. C 58.76 
H 4.42. Gef. C 58.95 H4.34. Mol. Gew.-Bestimmung nach Titrier- 
methode. Ber. 694.2. Gef. 685.6, 702.5.) 
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Methylester der Pentaacetyl-hiascinstiure. Dargestellt durch Be- 
handlung der acetylierten Saiure mittels Diazomethans in Aceton. Far- 
blose Prismen von Schmp. 213-214° (aus Alkohol). (Cs;H3:Oi¢. Ber. 
C 59.28 H 4.55. Gef. C 59.38 H4.59. Acetylbestimmung nach Preg!: 
Ber. 30.57. Gef. 30.68. Methoxyl-Bestimmung nach Mikro-Zeisel: Ber. 
4.38. Gef. 3.97.) 

Pentacarbithoxy-hiascinsiure. Dargestellt durch Behandlung der 
Hiascinsaure mit Chlorkohlensadureithylester in Aceton unter Pyridin- 
Zusatz. Farblose, rhombische Tafeln vom Schmp. 137° (aus Methanol) ; 
schwerléslich in kaltem Aether, leicht léslich in Aceton und Benzol. 
(Coo9H yw Os;. Ber. C 55.42 H 4.77. Gef. C 55.13 H 4.66.) Der Methyl- 
ester bildet farblose, rhombische Tafeln vom Schmp. 175° (aus wasser- 
haltigem Aceton). 

Tetramethylither-hiascinstiure-methylester. Zunachst lasst man auf 
Hiascinséure gelést in Aceton Ueberschuss Diazomethan solange ein- 
wirken, bis sich eine Probe in Alkohol mit Ejisenchlorid nicht firbt. 
Dann erhitzt man das Produkt gelést in Aceton unter Zusatz von Jod- 
methyl und Kaliumcarbonat mehrere Stunden. Die so erhaltene Substanz 
bildet farblose, lange Tafeln vom Schmp. 212-213° (aus .Alkohol). 
(CopH3001;.. Ber. C 62.78 H 5.45 CH.O 27.98. Gef. C 63.02, 62.58 H 5.23, 
5.28 CH;0 28.31.) 


Methanolyse der Hiascinsiure. Man lést 1.5g Hiascinsdiure in der 
Wasserstoffatmosphare in 30 ccm 5 proz. methanolischer Kalilauge, lasst 
2 Stdn. bei 40° stehen, séuert dann an und athert aus. Man schiittelt den 
Aetherauszug mit Bicarbonatlésung und sduert die letztere sofort an, 
wobei sich eine Substanz (A) ausscheidet. Ausb. 0.5. Beim Verdampfen 
der entsduerten, Atherischen Lésung bleibt ein nichtsaurer Bestandteil 
zuriick (B). Ausb. 0.9 g. 

Orsellinséure (III): Das Spaltungsprodukt (A) bildet beim Um- 
lésen aus verd. Methanol farblose Nadeln vom Schmp. 184—185° (u. 
Zers.). Der Methylester bildet farblose Prismen vom Schmp. 142°, der 
gemischt mit reinem Orsellinsiure-methylester keine Schmp.-Depression 
zeigte. 

Orsellinstiure-methylester (II): Der nichtsaurer Bestandteil (B) 
wurde in 30ccm warmem Benzol eingetragen und kurze Zeit digeriert, 
wobei ein Teil (C) ungelést zuriickblieb. Das benzolische Filtrat hinter- 
liess beim Verdampfen einen Riickstand, der aus Methanol umgelést far- 
blose Prismen vom Schmp. 142° bildet und sich durch Misch-Schmp.-Be- 
stimmung als Orsellinsfure-methylester erwies. 

5-Oxy-orsellinstiure-methylester (1). Das in Benzol schwerlésliche 
Produkt (C) bildet beim Umlésen aus verdiinntem Methanol farblose, 
hexagonale Tafeln vom Schmp. 205°. Die alkoholische Lésung entfarbt 
zunachst Eisenchloridlésung, farbt sich aber bei weiterem Zusatz der 
letzteren dunkelbraun. Bei vorsichtigem Zusatz von Barytlésung farbt 
dieselbe Lésung zundchst hellrot, fallt dann einen griinen Niederschlag, 
der beim Umschwenken zu einer roten Lésung aufgelést wird. (CyH,00;. 
Ber. C 54.55 H 5.05. Gef. C 54.31 H 4.95.) 
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Durch Vergleich wurde die Identitat des Produktes (C) mit dem 
synthetischen 5-Oxy-orsellinsdure-methylester festgestellt. Das Triactat 
des 5-Oxy-orsellinsaéure-methylesters bildet farblose Prismen vom Schmp. 
146-147°, (aus Methanol). (Ci;HieO.. Ber. C 55.56 H 4.97. Gef. C 55.63 
H 4.91.) 


Hydrolyse des Tetramethylaither-hiascinsdiure-methylesters. 0.82 
Tetramethylather-hiascinsdure-methylester werden in 10 g eiskalter, konz. 
Schwefelsdure gelést, nach 1/4 stiindigem Stehen mit Eiswasser iiber- 
gegossen und ausgedthert. Der Aetherauszug wird mit Bicarbonatlésung 
geschiittelt, die Lésung angesiuert und ausgeathert. Beim Verdampfen 
des letzteren Aetherextrakts verbleibt 0.52 g krystalliner Riickstand, der 
durch Digerieren mit 10ccm warmem Benzol in zwei Bestandteilen 
getrennt. Ausb. des darin schwerléslichen (B) 0.25 g, des leicterléslichen 
(C) 0.18 g. 

Der entsduerte, primare Aetherauszug hinterlisst beim Verdampfen 
einen Riickstand (A). Ausb. 0.25 g. 

Tsoeverninsdure-methylester (V1). Das Spaltungsprodukt (A) bildet 
beim Umlésen aus Petrolather farblose Prismen vom Schmp. 114°. Eine 
Mischprobe mit reinem Isoeverninsdéure-methylester zeigte keine Schmp.- 
Depression. (C,oH;.0,: Ber. C 61.19 H6.17. Gef. C 61.14 H 6.17.) 

Isoeverninsiure (V). Das Spaltungsprodukt (C) bildet beim Um- 
lésen aus Essigester+Ligroin farblose Prismen vom Schmp. 175° (u. 
Zers.). (CoHio0, Ber. C 59.31 H5.53. Gef. C 59.14 H5.66.) Der 
daraus dargestellte Methylester-schmolz bei 114°. Eine Mischprobe mit 
dem Isoeverninsaure-methylester zeigte keine Schmp.-Depression. 

2-4-Dimethylither-5-oxy-orsellinsiure (IV). Das in Benzol schwer- 
lésliche Spaltungsprodukt (B) bildet bei wiederholtem Umldésen aus Benzol 
farblose Prismen vom Schmp. 147-—149° (u. Zers.). In Alkohol und Aceton 
leicht, in heissem Benzol ziemlich léslich. Die alkoholische Lésung farbt 
sich mit Ejisenchlorid nicht. (C,.H,.0;. Ber. C 56.57 H5.73. Gef. 
C 56.60 H6.00.) Der Methylester (dargestellt durch Behandeln von 
(IV) mit Diazomethan) bildet farblose, lange Prismen vom Schmp. 114- 
115°. Er lést sich in Sodalésung nicht, wohl aber in Alkalilauge. Die 
alkohol. Lésung farbt sich mit Eisenchlorid nicht. (C,,H,,0;. Ber. 
C 58.37 H6.24. Gef. C 58.28 H 6.16.) 

Trimethylither-5-oxy-orsellinsiure-methylester. Beim Digerieren 
von (IV) in Aceton unter Zusatz von Jodmethyl und Kaliumcarbonat 
wird erst das noch intakt gebliebene Hydroxyl methyliert. Farblose 
Blattchen vom Schmp. 69-71° (aus Petrolather). In Alkohol, Aether, 
Aceton und Benzol leicht léslich, in kalter Kalilauge unléslich. (C,.H,.0s. 
Ber. C 59.96 H 6.71. Gef. C 60.03 H 6.59.) 


Synthese der Derivate von 5-Oxy-orsellinsiure. Trimethylither-5- 
oxy-orsellinaldehyd (IX, R=CH;, R’=CHO): 3g 2.4.5-Trioxy-6-methyl- 
benzaldehyd. (1) werden in 15 ccm Methanol gelést und in der Wasser- 
stoffatmosphaere 13 g Dimethylsulfat und 24ccm 20 proz. Natronlauge 
abwechselnd hinzugefiigt. Das so ausgeschiedene Permethylat (3 g) 


(5) Hiraiwa, J. Pharmaceut. Soc. Japan, 60 (1940), 577. 
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bildet farblose Prismen vom Schmp. 104° (aus Methanol). Die alkohol. 
Lésung firbt sich mit Eisenchlorid nicht. (C,,H;,0,. Ber. C 62.85 
H 6.66. Gef. C 62.89 H 6.58.) 

Trimethylither-5-oxy-orsellinsdure (1X, R=CHs3, R’=COOH): Dar- 
gestellt durch Oxydieren von zugehérigen Aldehyd (s. 0.) mittels Kali- 
umpermanganats in Aceton. Farblose, hexagonale Tafeln vom Schmp. 
147-149° (aus Benzol). Ziemlich schwerléslich in Aether. (C,,H,40:. 
Ber. C 58.37 H6.24. Gef. C 58.11 H 6.58.) 

Der Methylester bildet farblose Blattchen vom Schmp. 69-71° (aus 
Petrolather). Eine Mischprobe mit dem aus Tetramethylather-hiascin- 
siure-methylester dargestellten zeigte keine Schmp.-Depression. 
(C,.H,,0O;. Ber. C 59.96 H 6.71 CH;0 51.67. Gef. C 59.91 H 6.52 CH,O 
51.40.) 

4-Methyliither-5-oxy-orsellinaldehyd (X11). 2.5 g 2-Methoxy-6-methy]l- 
hydrochinon“® (X) werden in 30ccm abs. Aether gelést und unter 
Zusatz von 10g Zinkcyanid mit trockner Salzsdéuregas gesittigt. Beim 
Kochen mit Wasser scheidet sich der Aldehyd krystallinisch aus. Ausb. 
2.4¢. Gelbe Prismen vom Schmp. 162° (aus Wasser oder Methanol). 
Ziemlich schwerléslich in heissem Wasser. Die alkohol. Lésung farbt 
sich mit Eisenchlorid griin. (C,sH,,.0O,. Ber. C 59.31 H 5.53. Gef. C 59.26 
H 5.59.) 

4-Methyliither-5-benzoyloxy-orsellinaldehyd (XII). 0.5g Aldehyd 
(XI) werden in 5cem Aceton gelost und unter Zusatz von 15 cem n-NaOQH 
und 0.5¢ Benzoylchlorid (gelést in 5cem Aceton) in der Wasserstoff- 
atmosphaere gechiittelt. Man sdiuert die Lésung an, athert aus und ver- 
dampft den mit Sodalésung gewaschenen Aether-auszug. Ausb. 0.5 ¢. 
Farblose Prismen vom Schmp. 142-143° (aus Methanol). Die alkohol. 
Lésung farbt sich mit Eisenchlorid weinrot. (C,sH,,0;. Ber. C 67.07 
H 4.93. Gef. C 66.08 H 4.85.) 

2.4-Dimethylither-5-benzoyloxy-orsellinaldehyd. Dargestellt aus 
(XII) durch Behandlung mit Jodmethyl und Silberoxyd in Aceton. Far- 
blose Prismen vom ‘Schmp. 163-164° (aus Methanol). Die alkohol. 
Lésung farbt sich mit Eisenchlorid nicht. Die Krystalle sind stark photo- 
tropisch, farben sich am Sonnenlicht gelb. (C,;H,,O;. Ber. C 67.97 
H 5.37. Gef. C 68.22 H 5.55.) 

2.4-Dimethylither-5-benzoyloxy-orsellinsiure (XIII). Dargestellt aus 
dem oben erhaltenen Aldehyd durch Oxydieren mit Permanganat in 
Acetonlésung. Farblose Prismen vom Schmp. 216° (aus Methanol). 
(Ci;H,Og. Ber. C 64.53 H5.11. Gef. C 64.41 H 5.44.) Der zugehorige 
Methylester bildet farblose, hexagonale Tafeln vom Schmp. 156—157°. 
(CisH,;O¢. Ber. C 65.42 H 5.49. Gef. C 65.42 H 5.51.) 

2-4-Dimethylither-5-oxy-orsellinsiure-methylester (Methylester von 
IV). Man lost XIII in konz. Schwefelsdure, lasst bei 0° 1/2 Stunde stehen 
und giesst die Lésung ins Eiswasser. Farblose Prismen vom Schmp. 
114-115° (aus Ligroin). Identisch mit dem aus Tetramethylather- 
hiascinsdure-methylester erhaltenen. (C,,;H,,0;. Ber. C 58.37 H 6.24. 
Gef. C 58.77 H 6.09.) 


(6) Henrich, Nachtigall, Ber. 36 (1903), 894. 
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2.5-Diacetat des 4-Methylither-5-oxy-orsellinaldehyds (1-Methyl-2.5- 
diacetoxy-benzol-1-aldehyd). Dargestellt durch Behandeln von (XI) mit 
Acetanhydrid und Pyridin. Farblose Prismen vom Schmp. 130-131° (aus 
Ligroin). (C,;H,,0,. Ber. C 58.62 H 5.30. Gef. C 58.63 H_ 5.49.) 

2.5-Diacetat der 4-Methylither-5-oxy-orsellinsdure. Dargestellt 
durch Oxydieren von oben erhaltenem Aldehyd mit Permanganat in 
Aceton. Farblose Prismen vom Schmp. 160-161 (u. Zers.) (aus 
Benzol). (Ci3H,,0; Ber. C 55.29 H 5.00. Gef. C 54.76, H 5.33.) 

2.5-Diacetat des 4-Methylither-5-oxy-orsellinsdure-methylesters. 
Dargestellt aus dem oben erhaltenen mittels Diazomethans. Farblose 
Blattchen vom Schmp. 170° (aus Methanol). (C,,Hi.0;. Ber. C 56.73 
H 5.44. Gef. C 56.39 H 5.64.) 

4-Methylither-5-oxy-orsellinsdure-methylester. Man lést das oben 
erhaltene Diacetat des Methylesters in konz. Schwefelsdure, lasst bei 0° 
20 Minuten stehen und giesst die Lésung ins Eiswasser ein.. Farblose 
Prismen vom Schmp. 154° (aus Methanol). Die alkohol. Lésung farbt 
sich mit Eisenchlorid griin. (Ci oH,.0;. Ber. C 56.57 H 5.70 CH;O 29.26. 
Gef. C 56.30 H 5.97 CH:;0 29.24.) 

Triacetat des 5-Oxy-orsellinaldehyds. Dargestellt durch Behandeln 
von 5-Oxy-orsellinaldehyd mit Acetanhydrid und Pyridin. Farblose 
Blattchen vom Schmp. 109-110° (aus Benzol [2 Vol.]+Ligroin [1 Vol.]). 
Phototropisch, farbt sich am Licht gelb. (C,,H,,0O;. Ber. C 57.12 H 4.79. 
Gef. C 57.33 H 4.91.) 

Triacetat der 5-Oxy-orsellinstiure. Dargestellt durch Oxydieren von 
oben erhaltenem Aldehyd mittels Permanganat in Aceton. Farblose 
Prismen vom Schmp. 146—-147°. (C,,H,,O,. Ber. C 54.17 H 4.54. Gef. 
C 54.41 H 4.39.) 

Triacetat des 5-Oxy-orsellinsdure-methylesters. Dargestellt durch 
Einwirkung von Diazomethan auf dem oben erhaltenen Sdure. Farblose 
Prismen vom Schmp. 146-147°. (C,;H,,Oxs. Ber. C 55.56 H 4.97. Gef. 
C 55.24 H 5.17.) 

5-Oxy-orsellinsdure-methylester (1). Man lést das oben erhaltene 
Triacetat des Methylesters in konz. Schwefelsdure, lasst bei 0° 30 Minuten 
stehen und giesst die Lésung ins Eiswasser ein. Farblose, hexagonale 
Tafeln vom Schmp. 205°. Die alkoholische Lésung farbt sich mit viel 
Eisenchlorid dunkelbraun, mit Spuren Barytwasser hellrot, fallt bei 
weiterem Zusatz des letzteren einen griinen Niederschlag, welcher beim 
Umschwenken zu einer roten Lésung aufgelést wird. Eine Mischprobe 
mit dem aus der Hiascinséure durch Methanolyse erhaltenen zeigte keine 
Schmp.-Depression. (CyHioO;. Ber. C 54.55 H5.05 CH,O 15.66. Gef. 
C 54.36 H 5.20 CH;0 15.87.) 
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